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Agency Summary







NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1999 BUDGET ESTIMATES

NASA's VISION FOR THE FUTURE

NASA is an investment in America's future. As explorers, pioneers, and innovators, we boldly expand frontiers in air and space to
inspire and serve America and to benefit the quality of life on Earth.

NASA's unique mission of exploration, discovery, and innovation has preserved the United States' role as both a leader in world
aviation and as the preeminent spacefaring nation. It is NASA's mission to:

e Explore, use and enable the development of space for human enterprise:

e Advance scientific knowledge and understanding of the Earth, the Solar System, and the Universe and use the
environment of space for research;

o Research, develop, verify and transfer advanced aeronautics, space and related technologies.

The outcomes of NASA's activities contribute significantly to the achievement of America's goals in four key areas:

* Economic growth and security - NASA conducts aeronautics and space research and develops technology in partnership with
industry, academia, and other federal agencies to keep America capable and competitive.

e Preserving the Environment - NASA studies the Earth as a planet and as a system to understand global climate change,
enabling the world to address environmental issues.

¢ Educational Excellence - NASA involves the educational community in our endeavors to inspire America's students, create
learning opportunities, and enlighten inquisitive minds.

* Peaceful Exploration and Discovery - NASA explores the Universe to enrich human life by stimulating intellectual curiosity,
opening new worlds of opportunity, and uniting nations of the world in this quest.

To fulfill NASA's mission of exploration, discovery and innovation, NASA sets the following overarching goals to take its science and
aeronautics program proudly into the 2 1st century:

e NASA will be at the forefront of exploration and science. We will develop and transfer cutting-edge technologies in aeronautics
and space. NASA will establish a permanent human presence in space.
* As NASA pursues its mission, NASA will enrich the Nation's society and economy. NASA will contribute to a better life for this

and future generations.
* In the coming decades, it is our goal to undertake bold and noble challenges -- exciting future programs, which stir the
imagination and fall within the grasp of the United States and its international partners' technical and financial grasp.
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The President's national space policy, released in September 1996, underscores NASA's role as the lead Federal agency for civil
space R&D. It features NASA's strengthening of its focus on cutting edge R&D and deemphasis on operational activities. The policy
highlights priorities in human space flight (the International Space Station), science (Earth observation, continuous robotic presence
on Mars surface, celestial sample returns and search for other Earth-like planets), and space technology (reuseable launch vehicles
and smaller, cheaper space missions). It also underscores NASA's leveraging of industry through purchases of launch services,
spacecraft, data products, communication services, and new technology: and continued close coordination with DoD and NOAA.

STRATEGY FOR ACHIEVING OUR GOALS

The framework for achieving these goals is embodied in the NASA Strategic Plan, which separates key NASA activities into four
distinct Strategic Enterprises. They are:

Earth Science (formerly Mission to Planet Earth):
Aeronautics and Space Transportation Technology:
Human Exploration and Development of Space: and,
Space Science:

Each Enterprise, similar to the strategic business units employed by the private sector, has a unique set of strategic goals,
objectives, and concerns, and a unique set of primary external customers. NASA also provides capabilities that are required for
each Enterprise to achieve its goals and meet the needs of their customers. These agency-level activities serve multiple Enterprises
and the strategies of these functions are driven primarily by the strategic plans of the Enterprises. The fundamental values of
excellence, responsibility, teamwork, trust, and honor form the bedrock of all of NASA's activities.

NASA's Strategic Plan transcends its organizational structure. Each of the Strategic Enterprises seeks to respond to a unique
customer community. Each of the Enterprises has its own set of technology needs which are closely linked to performing future
planned missions while reducing the cost and technical risk. At the same time, there is considerable synergy between the
Enterprise activities which strengthens each Enterprise. A broad description of the focus of each Strategic Enterprise follows:

Earth Science - The activities which comprise this Enterprise are dedicated to understanding the total Earth system and the effects
of humans on the global environment. This pioneering program of studying global climate change is developing many of the
capabilities which will be needed indefinitely, for long-term environment and climate monitoring and prediction. Governments
around the world need information based on the strongest possible scientific understanding. The unique vantage point of space
provides information about the Earth's land, atmosphere, ice, oceans, and biota as a global system, which is available in no other
way. In concert with the global research community, the Earth Science Enterprise is developing the understanding needed to
support the complex environmental policy decisions that lie ahead.

Aeronautics and Space Transportation Technology - NASA, and its predecessor, the National Advisory Committee for Aeronautics,
have worked closely with U S. industry, universities, and other Federal agencies to give the United States a preeminent position in
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Aeronautics. The Aeronautics program will pioneer the identification, development, verification, transfer, application and
commercialization of high-payoff aeronautics technologies. Future U.S. competitiveness in aeronautics and access to space,
including the continued safety and productivity of the Nation's air transportation system, is dependent upon sustained NASA
advances in aeronautics research and technology. Activities pursued as part of this Enterprise emphasize customer involvement,
encompassing U.S. industry, the Department of Defense, and the Federal Aviation Administration. NASA is playing a leadership role
as part of a Government-Industry partnership to develop breakthrough technology that will help the aviation community cut the
fatal accident rate five fold within ten years and ten fold within twenty years. This new initiative, combined with the NASA
investment in Air Traffic Management technology will enhance aviation safety and capacity called for by the White House
Commission on Aviation Safety and Security chaired by Vice President Gore.

The Space Transportation Technology program will develop new technologies aimed at revitalizing access to space. The technologies
targeted will reduce launch costs dramatically over the next decade, as well as increase the safety and reliability of current and
future generation launch vehicles. Additionally, new plateaus of performance for in-space propulsion will be established, while
reducing cost and weight. The Reuseable Launch Vehicle (RLV) program is pursuing technology development and concept definition
activities in support of next-generation reuseable launch systems. The Advanced Space Transportation Program is developing key
technologies to dramatically reduce space transportation costs across the mission spectrum, particularly advances with the
potential of reducing launch costs beyond RLV goals. Future Space Launch Studies are being initiated to provide input to NASA and
the Administration on an end-of-the-decade decision on whether to pursue an operational launch system to reduce NASA's launch
costs as called for in the national Space Transportation Policy (NSTC-PD4). Programs in support of the effective transfer of NASA
technology to the commercial sector are included in this Enterprise.

Human Exploration and the Development of Space - The Human Exploration and Development of Space Enterprise seeks to bring
the frontiers of space fully within the sphere of human activities. HEDS conducts research and development to sustain a
permanent human presence in space in low-earth orbit. HEDS will use the environment of space for research on biological,
chemical and physical processes and facilitate the development of space for commercial enterprise. In pursuit of these goals, HEDS
delivers knowledge and technologies that help to improve medical care and industrial processes on Earth while strengthening
education and scientific literacy.

Space Science - The activities of the Space Science Enterprise seek answers to fundamental questions, such as understanding the
origin and evolution of the universe and our solar system, if there are planets around other stars, whether the Earth is unique, and
if life exists elsewhere, The quest for this information, and the answers themselves, maintains scientific leadership, excites and
inspires our society, strengthens education and scientific literacy, develops and transfers technologies to promote U.S.
competitiveness, fosters international cooperation to enhance programs and share their benefits, and sets the stage for future space
ventures.

The Strategic Enterprises comprise an integrated national effort. Synergism of broad purposes, technology requirements, workforce

skills, facilities, and many other dimensions was the basis for amalgamating these activities in NASA in the National Aeronautics
and Space Act in 1958,and the benefits remain strong today.
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PLANS AND ACCOMPLISHMENTS

The NASA budget request for FY 1999 continues the President’s commitment to invest in the future. This budget request recognizes
the enormous potential for investments in the civil space and aeronautics program to benefit this country. The President’sFY 1999
budget proposes the creation of a Research fund for America, which dedicates resources for an aggressive and sustained investment
in Federal research. NASA’s programs in Space Science, Earth Science, Advanced Space Transportation, and Aeronautics are
included in the Fund.

The NASA Space Science program has achieved impressive successes this past year - the landing of the Mars Pathfinder spacecraft
on the surface of Mars and exploration of the surrounding terrain by the Sojourner rover; new discoveries by the Hubble Space
Telescope of over 1,000 bright, young star clusters resulting from the collision of two galaxies; the launch of the Cassini spacecraft
to Saturn, and Galileo’s detailed examination of Jupiter and its moons. To capitalize on these enormous successes during the past
year, the NASA budget request for FY 1999 highlights the Space Science program. Additional funding supports: an augmentation
to the Mars Surveyor Program to enhance the Mars 2001 lander; the initiation of a series of Solar-Terrestrial Probes to track solar
phenomena and their impact on the Earth: and the initiation of mission development for the Gamma-ray Large Area Space
Telescope (GLAST) to understand the end states of stars’ lives and to seek out the most extreme environments in the universe. The
budget also continues NASA’s commitment to the search for the origins of life. In response to evidence of possible subsurface
oceans discovered by the Galileo mission on Jupiter’s moon Europa, NASA will begin planning for a Europa mission to launch in
2003 to directly observe potential subsurface oceans on Europa. The Space Science program seeks to answer fundamental
guestions concerning: the galaxy and the universe; the connection between the Sun, Earth and heliosphere; the origin and
evolution of planetary systems; and the origin and distribution of life in the universe. NASA’s Space Science program is
responsive to the President’s national space policy and is a vital component of the Administration’s investment strategy in science
and technology.

The President‘s Space Policy, issued in September 1996, outlined a strong and stable program in space that will ensure America’s
role as the world’s space leader. The Space Policy reaffirmed the United States’commitment to the International Space Station, to
the next generation of launch vehicle programs, to an aggressive space science program, and to the continuing commitment to a
long-term program of environmental monitoring from space. The President’s strategy for investing in science and technology,
encompassing goals which emphasize world leadership in science, mathematics and engineering, economic growth, improved
environmental quality, and harnessing information technology continues as the framework for development of federal science and
technology policy. The President’sbudget request for NASA for FY 1999 fully supports these goals.

The emphasis on cheaper, more capable science missions is continued in the FY 1999 budget request. These programs experiment
with new innovative management and procurement practices, promote smaller affordable missions and enforce strict adherence to
performance criteria and cost caps.



e The Discovery program reflects NASA's commitment to ensuring a continuous stream of new planetary science data and more
frequent access to space. The third Discovery mission, Lunar Prospector, was successfully launched in January 1998.

e The Mars Surveyor program is a series of small missions designed to resume the detailed exploration of Mars. The second
series of Mars Surveyor spacecraft will be launched during the next launch opportunity in December 1998 and January 1999.

* The Office of Space Science restructured its technology program to ensure technology capabilities for the future. First, a core
program of technologies for multiple space science missions, as well as cross-cutting spacecraft and robotics technologies for
multiple NASA Enterprises. Second, several focused programs dedicated to specific high priority technology mission areas.
Third, a flight validation program called the New Millennium program completes the technology development process by
validating technologies in space.

* Technologies for the first two Space Science New Millennium missions have been selected and development has begun, with
flight of the Deep Space-1, first mission, scheduled for July 1998, and the Deep Space-2, the second, scheduled in January
1999.

* The Earth System Science Pathfinder (ESSP)is a science-driven program intended to identify and develop small satellite
missions to accomplish scientific objectives in response to national and international research priorities not addressed by
current programs. The first two ESSP missions selected in 1997 are the Vegetation Canopy Lidar (VCL) and the Gravity
Recovery and Climate Experiment (GRACE).

In order to achieve significantsavings in the cost of space missions, the cost of going to orbit must be reduced by orders of
magnitude. The Reusable Launch Vehicle program is addressing, in partnership with the private sector, the new and innovative
technologies that are needed to meet the challenges and lower the costs of future space missions. Phase II of the X-33 program,
encompassing both ground and flight tests, is under way, and is expected to lead to a decision by the government and our industry
partners whether full-scale development of an RLV should be pursued. This program utilizes an innovative management approach,
based on industry-led cooperative agreements. The government is acting as partners and subcontractors, reporting costs and
workforce to the industry team leader as would any other subcontractor. This approach allows a much leaner management
structure, lower program overhead costs and increased management efficiency.

The 1994 National Space Transportation Policy (NSTC-PD4) calls for an end-of-the-decade decision on the development of an
operational launch system to reduce NASA's launch costs. To support this decision, industry-led Future Space Launch trade
studies are being undertaken to provide input to NASA and the Administration on an appropriate approach. Separate efforts being
undertaken, such as the Crew Rescue Vehicle (CRV) for Station, Future-X demonstration strategy, and possible business plans for
X-33 Phase 111 would contribute to these studies. Placeholder funds are set aside in the outyears to pursue existing, planned or new
vehicles in response to the Administration's end-of-the-decade decision.

NASA's ability to inspire and expand the horizons of present and future generations rests on the success of these efforts to maintain
this nation's leadership in space within the reality of the fiscal constraints facing the federal budget. In order to ensure the stability
to manage and execute programs within budget and schedule, NASA is seeking multi-year appropriations for the International
Space Station

AS-5



NASA has been at the forefront of the Administration's efforts to reshape the federal government, to make it smaller, cut costs, and
be more responsive to the ultimate customer, the taxpayer. NASA's civil service workforce was reduced an additional 618 full time
equivalents over the FY 1997 baseline of 20,501. Total civil service employment for NASA at the end of FY 1997 was 19,883full time

equivalents.

NASA continues to be a leader in responding to the challenge of reducing the federal deficit and the goals of the National
Performance Review. Over the past several years, NASA has undergone a thorough scrutiny of its mission, organization and
activities. A strengthened program management system has been implemented and the Program Management Council regularly
reviews the technical, schedule and financial status of NASA's major activities. A disciplined process has been established for the
early identification of problems, and guidelines for addressing a solution. This process has resulted in senior management attention
focused on program performance. A new Strategic Management process has been put in place to provide a continuous process for
NASA to make critical decisions about its long-term goals, near-term activities, and institutional capabilities that are in alignment
with customer requirements. A fundamental goal of NASA's Strategic Management process is to ensure that the Agency provides its
customers with excellent products and services in the most cost-effective and timely manner,

The NASA budget request for FY 1999 s reflected in four appropriations:

Human Space Flight - providing funding for the Space Station and Space Shuttle programs, including development of
research facilities for the International Space Station and flight support for cooperative programs with Russia;

Science, Aeronautics and Technology - providing funding for NASA's research and development activities, including all
science activities, global monitoring, aeronautics, technology investments, education programs, mission communication

services and direct program support;

Mission Support - providing funding for NASA's civil service workforce, space communication services, safety and quality
assurance activities, and facilities construction activities to preserve NASA's core infrastructure:

Inspector General - providing funding for the workforce and support required to perform audits and evaluations of NASA's
programs and operations.

HUMAN SPACE H IGHT

This appropriation encompasses all human space flight activities, including development of the Space Station and the safe and
efficient operation of the Space Shuttle. The International Space Station is the culmination of the redesign work begun in FY 1993
to reduce program costs while still providing significant research capabilities. Space Station partners include NASA, the Russian
Space Agency (RSA), European Space Agency (ESA), the Canadian Space Agency (CSA), and the National Space Development Agency
of Japan (NASDA). The partnerships significantly enhance the capabilities of the International Space Station, and ensure



compatible interfacing elements. The program is led by a single contractor, Boeing North American, which has total development
and integration responsibilities. A streamlined program office at the Johnson Space Center has primary management responsibility
for the program, including responsibility forbringing the systems and elements into integrated launch packages.

The Administration continues to be strongly committed to development of the International Space Station, and the preservation of
the partnerships between the United States, Russia, Europe, Japan and Canada. Station assembly begins in mid- 1998 and will
continue through the end of 2003. The proposed budget provides multi-year funding for development and operation of the Station.
Sufficient additional funding is being requested for the International Space Station to maintain the program on schedule and
minimize the total cost.

During the past year, the Space Station program has focused on the continued qualification testing and manufacture of flight
hardware as the program readies for first element launch in June 1998 and subsequent launches throughout 1999. In 1997,node
and laboratory module fabrication were completed, and at the end of the year completed flight hardware totaled approximately
220,000pounds. The node (Node 1)and pressurized mating adapter (PMA 1) were delivered to the launch site, and qualification
testing of flight hardware components continued. Activities are well under way to support crew training, payload processing, and
hardware element processing requirements. The program has completed stage integration reviews for the first element launch through
the seventh flight. The International Space Station partners continued development of flight hardware.

During FY 1998, the major program focus will be the launches of the U.S-owned/Russian-launched Functional Cargo Block (FGB),
Node 1,and PMA 1and PMA 2. Major hardware element deliveries to the launch site will include the PMA 2, Z1 truss, integrated
electronics assembly, mini-pressurized logistics module, and the U.S. laboratory. Stage integration reviews will be performed for the
flights through the twelfth launch. The Mission Control Center (MCC) at the Johnson Space Center (JSC) is the prime site for the
planning and execution of integrated system operations of the Space Station, with exclusive command and control authority. The
MCC at JSC and the MCC at Kalingrad form the unified command and control center for the Space Station.

Funding for all elements of the Space Station program is included in the Human Space Flight appropriation. This allows maximum
flexibility in providing a balanced program, especially as program activities intensify in support of First Element Launch and
subsequent launches. Program elements included in the International Space Station budget are: Space Station Development,
Operations, and the Research Program, including research facilities, and the flight support component of the Russian cooperation
program to Mir. Program reserves are being closely monitored to maintain as high a level as possible to address technical and
contract performance issues that are occurring during this peak period of Space Station engineering and development.

NASA is taking no action at this time which would result in a slip in program schedule as a result of the $200 million shortfall
identified in FY 1998. In recognition of the need to address this shortfall, NASA plans to reallocate $27 million within the Human
Space Flight appropriation and seek transfer authority for the remaining $173 million from the Science, Aeronautics and Technology
and Mission Support accounts. The Administration will be requesting the transfer authority as part of its FY 1998 Budget
Supplemental. Upon enactment of the transfer authority, NASA plans to transfer $73 million immediately , with the remaining $100
million to be transferred as warranted. The FY 1998 budget estimates in this request assume application of the full $173 million
requirement, as well as the reallocation of $27 million from within Human Space Flight funds.
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The highest priority of the Shuttle program remains the safe launch, operation and return of the orbiter and crew. Funding is
included to continue modifications that will significantly improve the Space Shuttle's overall safety, including modifications to the
Main Engine and the Orbiter, aswell as continuation of the program of upgrades to increase reliability and maintainability. In
addition, funding for investments to improve Shuttle performance, such as the Super Lightweight External Tank, is included in
order to satisfy space station requirements. Transition to a consolidation of Space Shuttle operations contracts into a single prime
contractual arrangement was accomplished in October 1996. Transition activities will continue over the next 2 years. It is expected
that this consolidation will achieve the challenge of finding additional cost savings in the outyears. These savings have been
incorporated into NASA's budget planning.

During 1996-97, valuable experience was gained in docking procedures during six Space Shuttle flights to the Russian Space Station
Mir. U.S. astronauts maintained a continuing presence on the Mir, highlighted by the record-setting stay of 181 days by astronaut
Shannon Lucid, and the challenging but successful stay of astronaut Michael Foale . This experience is allowing NASA to gain valuable
experience in the long term effects of weightlessness, as well as allowing the United States and Russia to work closely together in as
Space Station partners. In 1998, an American astronaut will be continuously on board the Mir Space Station, performing scientific
experiments. Currently, nine joint U.S. visits to the Mir are planned, which will provide approximately 24 months of on-orbit time to
test science hardware planned for the Space Station. The last two Mir flights are planned for Fy 1998.

In FY 1997, eight Space Shuttle missions were completed, including three missions to the Mir Space Station. Six missions are
planned for FY 1998, including the last two missions to the Mir Space Station and, the last Spacelab flight (Neurolab),and the
initial assembly flight for the International Space Station {ISS).  Eight missions are planned for FY 1998; six of these flight are ISS
assembly flights.

SCIENCE. AERONAUTICS AND TECHNOLOGY

Space Science

The Space Science program is designed to expand our scientific understanding of the Sun, solar system, and universe beyond
Earth. It seeks answers to fundamental questions, such as understanding the origin and evolution of the universe and our solar
system: if there are planets around other stars: whether the Earth is unique; and, if life exists elsewhere. In 1997, highlights
included the July 4 landing of the Pathfinder spacecraft on Mars, the first Mars landing since the Viking missions in 1976and the
first ever to use air bags to cushion a surface impact. Shortly after Pathfinder's landing, the Sojourner rover began its own
exploration of nearby rocks and other features. The images from both craft were posted to the Internet, where more than 500 million
"hits" were recorded by the end of July. The international Cassini mission left Earth bound for Saturn on Oct. 15. 1997. With the
European Space Agency's Huygens probe and a high-gain antenna provided by the Italian Space Agency, Cassini will arrive at
Saturn July 1, 2004. Also, astronauts flawlessly performed major maintenance and upgrades to the orbiting Hubble Space
Telescope, replacing older hardware with two dramatically improved instruments that are helping astronomers probe the universe in
greater detail than ever before. Thisyear, Hubble uncovered over 1,000bright, young star clusters bursting to life in a brief,



intense, brilliant "fireworks show" at the heart of a nearby pair of colliding galaxies. The Hubble image of the galactic collision was
printed on the front pages of newspapers around the world as well as on the cover of Newsweek magazine. Images captured during
Galileo's closest flyby of Europa on Feb. 20 showed features of the Jovian moon, lending credence to the possibility of hidden,
subsurface oceans and generating new questions about the possibility of life on Europa. Scientists using the joint European Space
Agency /NASA Solar and Heliospheric Observatory (SOHO) spacecraft have discovered "jet streams” or "rivers" of hot, electrically
charged plasma flowing beneath the surface of the Sun. These new findings will help scientists understand the famous 11-year
sunspot cycle and associated increases in solar activity that can disrupt the Earth's power and communications systems.

The Space Science program continues a robust program of flight development activities. To capitalize on these enormous successes
during the past year, the NASA budget request for FY 1999 once again highlights the Origins program. The program focuses on
fundamental questions regarding the creation of the universe and planetary systems, and the possibility of life beyond Earth. The
strategy for addressing these questions involves returning surface samples from Mars and deploying powerful telescopes, including a
space-based interferometer (SIM), a follow-on to the Hubble Space Telescope (Next-Generation Space Telescope (NGST)), and
ultimately, a large interferometer system, the Terrestrial Planet Finder (TPF), to detect Earth-like planets elsewhere in our galaxy.
NASA's Origins program is responsive to the President's national space policy and is a vital component of the Administration's
investment strategy in science and technology.

In addition to Origins, the Space Science Enterprise features a balanced program aimed at achieving the Enterprise mission: to
solve mysteries of the universe, explore the solar system, discover planets around other stars, search for life beyond Earth; from
origins to destiny, chart the evolution of the universe and understand its galaxies, stars, planets, and life. While Origins is
highlighted among the four major Space Science themes, the FY 1999 budget funds an aggressive program in each of the three other
areas. The Solar System Exploration theme will send robotic spacecraft to investigate the planets, moons and comets orbiting our
Sun. Funding in this area now supports a Europa orbiter mission with a launch date in 2003, as well as mission definition and
technology development for a series of missions to outer planets and comets. The Sun-Earth Connections (SEC) theme is focused
on observing the Sun itself as a typical star and as the controlling agent of the space environment of the Solar System, especially
the Earth. Future SEC missions under study and technology development in this budget include Solar-B and Solar Terrestrial
Relations Observatory (STEREO). The Structure and Evolution of the Universe theme studies the large-scale structure of the
universe, the Milky Way and objects of extreme physical conditions, in order to explain the cycles of matter and energy in the
evolving universe, to examine the ultimate limits of gravity and energy and to forecast our cosmic destiny. Future missions funded
for concept analysis, definition and technology development in this budget include Gamma Ray Large Area Space Telescope (GLAST),
the Far Infrared Space Telescope (FIRST)and the Constellation X-ray Mission.

Development activities will continue in 1998- 1999 on the Advanced X-ray Astrophysics Facility (AXAF) in support of the revised
launch date of early FY 1999. Development activities continue on the Relativity (Gravity Probe-B) mission, which remains on
schedule for launch in 2000. The Space Infrared Telescope Facility (SIRTF) initiates development in April 1998, with launch planned
for December 2001. Development activities on the Thermosphere, lonosphere, Mesosphere Energetics and Dynamics (TIMED)
mission began in 1997, with launch planned in 2000. Development activities on the Stratospheric Observatory for Infrared
Astronomy (SOFIA)continue to receive support. The Second Hubble Space Telescope (HST) servicing mission in February 1997
provided two new science instruments in addition to other servicing, and the upgraded telescope is providing new insights into our
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universe by investigating objects in the near-infrared portion of the electromagnetic spectrum. Funding for HST continues to
support operations, as well as preparation for the third servicing mission in 1999. Galileo's highly successful tour of Jupiter and its
moons has been extended through 1999, with a focus on the moons Europa and lo.

In Explorer missions, the Advanced Composition Explorer (ACE)was launched in August 1997 and development activities continue
on the Far Ultraviolet Spectroscopy Explorer (FUSE)for a launch in 1998. Development is also under way for the Microwave
Anisotropy Probe (MAP) and Imager for Magnetosphere-to-Aurora Global Exploration (IMAGE)Medium-Class Explorer (MIDEX)
missions. Three new Small (SMEX) missions were selected in 1997: the High Energy Spectroscopic Imager (HESSI)is to launch in
2000; the Galaxy Evolution Explorer (GALEX) will launch in 2001; the Two Wide-Angle Neutral-Atom Spectrometers (TWINS) has
been selected as a mission of opportunity, to be launched in 2001 or 2003 aboard a currently undesignated U.S. Government
mission. These missions emphasize reduced mission costs and accelerated launch schedules.

The Mars Global Surveyor entered Mars orbit in September 1997, and funds are requested for the development of future Mars
missions in 1998 and beyond. The third Discovery-class mission, Lunar Prospector, was launched in January 1998, the fourth, the
Stardust mission, is to be launched in 1999. Two new Discovery missions were selected in 1997: the Comet Nucleus Tour
(CONTOUR)to be launched in 2002; and Genesis, a solar wind sample return mission, to be launched in 2001. A mission to Europa
is planned for launch in 2003. The New Millennium program is under way to provide flight demonstrations of critical new
technologies which will greatly reduce the mass and cost of future science instruments and spacecraft subsystems, while
maintaining or improving mission capabilities. Development activities continue on the Deep Space- 1 and Deep Space-2 missions,
scheduled for launch in July 1998and January 1999, respectively.

The Space Science budget contains the funding for core technology development in support of all NASA enterprises, including Space
Science. The Space Science budget also includes a separate aggressive technology development effort to enable new missions to the
outer planets, and to search for Earth-like planets around nearby stars. New technologies are also being pursued to enhance our
capability to explore Mars robotically, and perhaps to confirm the past or current presence of life on that planet.

Life and Microgravity Sciences and Applications

NASA's Office of Life and Microgravity Sciences and Applications (OLMSA)seeks to advance scientific knowledge, to enable the
development of space for human enterprise, and to transfer the knowledge and technologies developed as broadly as possible. We
seek to enable and exploit the possibilities of human space flight to improve the quality of life for people on Earth. OLMSA
implements its programs through ground-based research, research on uncrewed free-flying vehicles, Space Shuttle Missions,
research on the Russian Mir Space Station, and , in the future, on the ISS.

In FY 1997,NASA's OLMSA conducted significant national and international research during long duration missions aboard the Mir
Space Station. OLMSA provided world class medical operations for the extended duration missions of John Blaha, Jerry Linenger
and Mike Foale during their stays aboard the Mir Space Station. Space Shuttle missions included the Microgravity Space
Laboratory (MSL- 1) mission, launch of the Wake Shield Facility, and other small and middeck payloads. MSL included
investigations in the disciplines of biotechnology, combustion science, fluid physics and materials science, and consistently

AS



exceeded researcher objectives. The mission yielded the first measurements of specific heat and thermal expansion of glass-forming
metallic alloys and resulted in the highest temperature and largest undercooling ever achieved in a space experiment. More than
200 combustion experiments runs (fires)were conducted on MSL-1, resulting in the discovery of a new mechanism of flame
extinction caused by radiation of heat from soot. In ground-based research, OLMSA’s Advanced Human Support Technology
program completed a 336-day closed-chamber wheat and potato shared-atmosphere evaluation at KSC as well as a 60-day, closed-
chamber ISS life support system test with four humans at JSC.

In FY 1998 OLMSA will conduct Neurolab, a Spacelab mission conducted cooperatively with the National Institutes of Health
dedicated to life sciences research. The Neurolab mission will conduct basic research in sensory-motor coordination, vestibular
function, spatial orientation, developmental biology, nervous system plasticity, autonomic nervous system control of the
cardiovascular system, sleep and circadian rhythms, and human behavior. The fourth US microgravity payload will fly in the Space
Shuttle payload bay to conduct materials science and fundamental physics research. Preparations for the first missions to ISS will
commence with the selection of the principal investigators and crew training in 1998. In FY 1999,the US lab of the 1SS will be
launched. Final preparations will be completed in FY 1998 for the flight of STS-95, a dedicated research mission focusing on
commercial and biotechnology research scheduled for early FY 1999.

Earth Science

The Earth Science program seeks to improve the scientific understanding of the Earth system, including the mechanisms that drive
the climate and ecology of Earth, and how human activity is affecting the environment. NASA's base program combines ground-
based measurements , laboratory studies, data analysis and model development with a progressive series of satellite missions to
study cloud climatology, Earth radiation budget, ozone levels, atmospheric chemistry, changes in land cover and ocean circulation.
This isjust a first step. The capability to model and predict the consequences of global change is the ultimate objective.

The ongoing Earth Science program is making critical near-term contributions to understanding the Earth as an integrated system
as well as environmental issues, such as global warming and ozone depletion. Data from satellites and instruments in orbit, such
as Total Ozone Mapping Spectrometer (TOMS), the Upper Atmospheric Research Satellite (UARS), Qcean Topography Experiment
(TOPEX)/Poseidon, and the Earth Radiation Budget Experiment (ERBE) are being used in multidisciplinary studies focused on
understanding various aspects of the global environment.

The Earth Observing System (EOS) is a key element in the Administration's U.S. Global Change Research Program, and NASA's
major contribution to this effort. The EOS is a series of spacecraft designed to provide long-term data sets for use in modeling and
understanding global processes. The Earth Probes provide data in specialized areas, such as tropical rainfall, ocean wind speed and
direction, and global ozone concentrations. The EOS Data Information System (EOSDIS) will provide the processing, storage, and
distribution of the EOS science data and resulting scientific products. Funding for the continued development of the Landsat-7
spacecraft, instruments and ground system is included. Landsat-7 is scheduled to launch in 1998. After launch and check out, the
National Oceanic and Atmospheric Administration (NOAA)will be responsible for Landsat-7 operations.
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Funding requested for FY 1998 and FY 1999supports the continued development of the EOS program, including a robust science
program. The first EOS satellites, Landsat-7 and EOS AM- 1, will be launched in 1998. Preceding launch of the EOS satellites, a
number of individual satellite and Shuttle based missions are helping to reveal basic processes. NASA has begun work on a new
start for the Quick Scatterometer (QuikSCAT) mission, which will fill in the ocean-wind vector data gap created by the loss of the
NASA Scatterometer (NSCAT)on the Japanese Advanced Earth Observing Satellite (ADEOS) spacecraft. Complementing EOS will be
a series of small, rapid development Earth System Science Pathfinder missions, and an aggressive technology development program
to provide for the infusion of innovative new technologies into the second and third series of EOS measurements. Funding also
supports LightSAR as free-flying, Earth-observing, lightweight, synthetic aperture radar (SAR) mission.

Aeronautics and Space Transportation Technology

The Aeronautics and Space Transportation Technology program provides high payoff, critical technologies with effective transfer of
design tools and technology products to industry and government.

The Aeronautics program provides a broad foundation of advanced technology to strengthen the United States' leadership in
aviation, an industry which plays a vital role in the economic strength, transportation infrastructure and national defense of the
United States. The NASA Aeronautics program provides the nation with leadership in high payoff critical technologies which are
transferred to industry, the Department of Defense, and the Federal Aviation Administration for application to safe, superior and
environmentally compatible U.S. civil and military aircraft, and for a safe and efficient National Aviation System. NASA's unique
research capabilities contribute to the strengthening of America’s aviation industry in many ways, and the FY 1998 program
continues important investments required to pursue the high leverage technologies required to support both the subsonic and high-
speed civil transport economic viability.

The Advanced Subsonic Transport (AST) program continues to make substantial progress in the development of high-risk, high-
payoff technologies for a new generation of environmentally compatible, economic subsonic aircraft and a safe, highly productive
global air transportation system. NASA, in partnership with the FAA, DoD and the aviation industry, is investing a half billion
dollars over the next five years to develop breakthrough technology that will help the aviation community cut the fatal accident rate
five fold within ten years and ten fold within twenty years. The AST program has been refocused to emphasize technologies which
will significantly enhance the safety of the aviation system, improve the environment through noise and emissions reductions, and
increase the capacity for a highly productive global air transportation system. Funding is included to continue development of high
payoff technologies enabling a safe, highly productive global air transportation system with reduced environmental impact.. This
initiative is in response to recommendations from the White House Commission on Aviation Safety and Security, announced by the
President on February 12, 1997.

The HSR program continues to develop technologies to establish the viability of an economical and environmentally sound High
Speed Civil Transport (HSCT),a vehicle that—if built by U.S. industry—could provide U.S. leadership in the long-range
commercial air travel markets of the next century, offering returns of billions of dollars in sales and numerous high-quality jobs for
the U.S. workers. Due to the successful results in the existing HSR program, an extension is proposed called Phase 1A, that will
begin in FY 1999. HSR Phase 1A will focus on answering the remaining technology questions on whether U.S. industry will be able
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to build a viable, economical and environmentally sound HSCT. The work of Phase 1l1A will be essential to enabling industry to make
a sound business decision on whether a market exists for an American HSCT.

NASA is an active participant in the High Performance Computing and Communications (HPCC) program, and has pioneered the
application of design and simulation software on parallel machines and developed the most widely accepted performance
evaluation/tuning software for applications on parallel machines. In FY 1999, NASA will continue to support the Administration’s
Next Generation Internet (NGI) initiative, to increase the quality, security and certainty of Internet transmissions and to increase
network capacity 1,000times the capacity of the baseline. Research activities conducted within the Research and Technology Base,
providing the vital foundation of expertise and facilities that meets a wide range of aeronautical technology challenges for the nation.
The program provides a high-technology, diverse-discipline environment that enables the development of new, even revolutionary,
aerospace concepts and methodologies for applications in industry. These goals are driven by the need to reduce product costs and
capture increased global market share. Work within the R&T Base lays the foundation for future new focused technology programs
to address specific, high value national needs and opportunities the long term goals of the Aeronautics and Space Transportation
Technology Enterprise. This work constitutes a national resource of expertise and facilities that responds quickly to critical issues
in safety, security, and the environment. These same technological resources contribute to the overall U.S. defense and non-defense
product design and development capabilities.

The Space Transportation Technology program leads NASA’s efforts to develop advanced space technologies critical to the economic,
scientific, and technological competitiveness of the U.S. The program is developing new technologies aimed at revitalizing access to
space. The technologies targeted will reduce launch costs dramatically over the next decade, and increase the safety and reliability
of current and future generation launch systems. In 1997,the Reusable Launch Vehicle (RLV) program continued to pursue
technology development, design and business planning activities in support of next-generation reusable systems, on the X-33 and
X-34 flight demonstrators. The X-33 and X-34 have completed their critical design reviews and initiated fabrication of flight
hardware. Funding for the RLV program in 1998and 1999 is included to continue X-33 and X-34 technology development,
hardware fabrication and test, in preparation for the flight of the technology demonstrators, both of which will fly in 1999. The
Advanced Space Transportation Program (ASTP)is developing key technologies to dramatically reduce space transportation costs
across the mission spectrum. ASTP will focus on technological advances with the potential of reducing launch costs beyond RLV
goals, as well as on developing technology required to support NASA strategic needs that are not currently addressed by RLV.
Future Space Launch Studies are being initiated to provide input to NASA and the Administration on an end-of-the-decade decision
on whether to pursue an operational launch system to reduce NASA’s launch costs.

In order to ensure national economic strength enhancements derived from NASA technology, NASA will pursue a commercial
technology mission concurrent to its aerospace mission. The commercial technology mission requires that each NASA program be
carried out in a way that proactively involves the private sector from the onset, through a new way of doing business, to ensure that
the technology developed will have maximum commercial potential. This new mission requires NASA to impart., to the maximum
extent possible, the benefits of its technological assets to the national economy and to use, to the maximum extent possible, the
strengths of the U.S. industrial base. In accomplishing this mission, NASA supports the development and transfer of technology
which leads to new commercial products and services.
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The Commercial Technology Program achieves this new mission through one of NASA's crosscutting functions -- to provide
aerospace products and capabilities to NASA customers. The Commercial Technology Program transfers NASA technology and
technical expertise to commercial customers more effectively and efficiently while extending the technology, research and science
benefits broadly to the public and commercial sectors. Some of the objectives are to proactively transfer technology through
commercialization partnerships, and to integrate innovative approaches to strengthen U.S. competitiveness. Funding for the
Commercial Technology Program continues to support development of commercial partnerships with industry. In FY 1998and
FY 1999,emphasis will be on increasing commercial partnerships with industry and continued refinement of a technology and
partnership database.

Academic Programs

Science and mathematics achievement is an integral element of the National Education Goals, and NASA's efforts in the education
arena strongly support making U.S. students first in the world in science and mathematics achievement by the year 2000. NASA's
programs at the pre-college, college and graduate levels use NASA's unique mission and results to capture and channel student
interest in science, mathematics and technology, as well as enhance teacher and faculty knowledge and skills related to these
subjects. At the undergraduate and graduate level, programs are geared to providing opportunities for students and faculty to
participate in NASA-sponsored research activities at NASA field centers.

NASA has made a commitment to playing a leadership role in strengthening the capabilities of minority universities and to
increasing opportunities for students at Historically Black Colleges and Universities and Other Minority Universities, primarily
Hispanic-serving institutions and Tribal Colleges, to participate in and benefit from NASA's research and education programs. The
FY 1998budget request for the Minority University Research program continues this commitment through funding for initiatives
which are under way.

Mission Communication Services

Supportwhich is most directly related to NASA's science and aeronautics programs, including ground network support, mission
planning for robotics spacecraft programs, suborbital mission support, support to aeronautics test programs, and technology
development activities to improve the state of space communications technology, is included in the Science, Aeronautics and
Technology appropriation. Efforts are ongoing to consolidate and streamline major support contract services in order to optimize
space operations. Transition to a Consolidated Space Operations Contract (CSOC)is planned in FY 1998. The CSOC acquisition
process is being implemented in two phases. Two 8-month fixed-price study contracts were awarded to Boeing North American and
Lockheed Martin, Incorporated on May 16, 1997 to develop an integrated Operations Architecture (IOA). The IOA and a proposal to
implement the I0A to provide space operations services during a five-year basic contract, with a five-year option. The 90-day phase-
in period is planned to start on July 1, 1998. This full and open competition is expected to produce efficiencies and economies over
the life of the contract which benefits all NASA programs. Specifically, the integrated architecture is expected to maximize space
operations resources by reducing systems overlap and duplication.
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MISSION SUPPORT
Safety, Mission Assurance, Engineering, and Advanced Concepts

NASA is committed to safety and mission success in all of its programs. The Office of Safety and Mission Assurance (OSMA) is
responsible for the development and implementation of safety and mission assurance (SMA) practices, including risk management,
into all NASA activities. The funding requested will continue a wide range of activities under way through which SMA practices are
integrated into the earliest phases of development for space and aeronautics programs. The Office of the Chief Engineer provides a
focus for NASA's engineering discipline, oversees applications, and improves NASA's practices and capabilities through targeted
initiatives in the Engineering programmatic area. The Office of the Chief Technologist also evaluates advanced aerospace concepts
for feasibility and benefits.

Space Communications Services

Funding for the operation, sustainment, and replenishment of NASA's Space Network is in NASA's Mission Support appropriation.
This program supports the operation of the Tracking and Data Relay Satellite (TDRS) System, the ground terminals at White Sands,
New Mexico, and the NASA Control Center at the Goddard Space Flight Center. Funds for services provided to non-science users of
the TDRSS are included under this program. The NASA Integrated Services Network are also funded by this appropriation. Efforts
are ongoing to consolidate and streamline major support contract services in order to optimize space operations. Transition to a
Consolidated Space Operations Contract (CSOC) is planned in FY 1998. as discussed above.

Research and Program Management

The NASA workforce is the foundation underpinning the successful achievement of NASA's goals. Funding for the salaries, travel
support and other personnel expenses for the entire NASA workforce is included. Funding for support activities to the NASA
workforce and physical plant is also included in Research and Program Management.

NASA's civil service workforce in 1999 continues the downsizing process initiated several years ago. Their expertise is essential to
the timely, cost-effective and crucial research and development that NASA programs feature. NASA's budget request for FY 1999
continues the management policy of using buyouts to achieve reductions in planned levels of civil service staffing and support.
Current planning supports a civil service workforce of around 17,800by FY 2000. Training dollars will re requested at levels
sufficient to keep the workforce technically prepared to meet the challenges of NASA's diverse and highly technical programs.

Construction of Facilities
Funding is included for discrete projects to repair and modernize the basic infrastructure and institutional facilities, the minor

repair, rehabilitation and modification of existing facilities, minor new construction projects, environmental compliance and
restoration activities, the design of facilities projects, and the advanced planning related to future facilities needs.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1999 ESTIMATES

(INMILLIONS OF REAL YEAR DOLLARS)

HUMAN SPACE FLIGHT

SPACE STATION

US/RUSSIAN COOPERATION

SPACE SHUTTLE

PAYLOAD AND UTILIZATION OPERATIONS

SCIENCE, AERONAUTICS AND TECHNOLOGY

SPACE SCIENCE
LIFE AND MICROGRAVITY SCIENCES AND APPLICATIONS
EARTH SCIENCE
AERONAUTICS AND SPACE TRANSPORTATION TECHNOLOGY
MISSION COMMUNICATION SERVICES
ACADEMIC PROGRAMS
[ENTERPRISE FUNDING IN SUPPORT OF MINORITY PROGRAMS]

MISSION SUPPORT

SAFETY, MISSION ASSURANCE, ENGINEERING, AND ADVANCED CONCEPTS
SPACE COMMUNICATION SERVICES

RESEARCH AND PROGRAM MANAGEMENT

CONSTRUCTION OF FACILITIES

INSPECTOR GENERAL

TOTAL BUDGET AUTHORITY
TOTAL OUTLAYS

BUDGET PLAN

FY 1997 FY 1998 FY 1999
(Thousands of Dollars)

5674.8 5679.5 5511.0
2148.6 2501.3 2270.0
300.0 50.00 --
2960.9 2922.8 3059.0
265.3 205.4 182.0
5453.1 5552.0 5457.4
1969.3 1983.8 2058.4
243.7 214.2 242.0
1,361.6 1,367.3 1,372.0
1339.5 1470.9 1,305.0
418.6 395.8 380.0
120.4 120.0 100.0
[13.31 [20.8] [28.8]
2564.0 2388.2 2476.6
38.8 37.8 35.6
291.4 194.2 177.0
2078.5 2033.8 2099.0
155.3 122.4 165.0
16.8 18.3 20.0

13708.7 13638.0 13465.0
14357.0 13729.0 13504.0
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1999 ESTIMATES
SUMMARY RECONCILIATION OF APPROPRIATIONS TO BUDGET PLANS
(INMILLIONS OF REAL YEAR DOLLARS)

Human Space Science, Aero Mission Inspector
TOTAL Flight & Technology  Support General

FISCAL YEAR 1997

VA-HUD INDEPENDENT AGENCIES 13,704.2 5,362.9 5,762.1 2,562.2 17.0
APPROPRIATIONS ACT, FY 1997 (P.L. 104-204)

OMNIBUS CONSOLIDATED APPROPRIATIONS
ACT (P.L. 104-208) 5.0 5.0

VA-HUD INDEPENDENT AGENCIES
APPROPRIATIONS ACT, FY 1997 (P.L. 104-204)

APPROPRIATIONS TRANSFER AUTHORITY 0.0 177.0 -177.0

LAPSE OF FY 1997 UNOBLIGATED FUNDS -0.5 -0.2 -0.2
TOTAL FY 1997 BUDGET PLAN 13,708.7 5,539.9 5,590.1 2,562.0 16.8
FISCAL YEAR 1998 REQUEST 13,500.0 5,326.5 5,642.0 2,513.2 18.3

VA-HUD INDEPENDENT AGENCIES
APPROPRIATIONS ACT, FY 1998(P.L. 105-205)

AS PASSED BY CONGRESS, DIRECTION 138.0 180.0 38.0 -80.0
INCLUDED IN CONFERENCE REPORT H.R.
105-297
ANTICIPATED APPROPRIATIONS TRANSFER 0.0 173.0 -128.0 -45.0
AUTHORITY
TOTAL FY 1998 BUDGET PLAN 13,638.0 5,679.5 5,552.0 2,388.2 18.3
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1999 ESTIMATES

DISTRIBUTION OF PROGRAM AMOUNT BY INSTALLATION
(Thousands of Dollars)

Total Human Space Flight Scilence, Aeronautics and Technology Mission Support
1997 1998 1999 1997 1998 1999 1997 1998 1999 1997 1998 1999
Johnson Space Center 4,271,372 4.367,753 4,059,293 3,802,521 3,942,300 3,596,900 90,671 82,871 107.044 378,280 342,582 355,349
Kennedy Space Center 563,125 583,024 854,904 281.400 294,200 398,100 35,285 47,376 204.430 246,440 241,448 252,374
Marshall Space Flight Center 2,655,180 2,342,428 2,279,319 1,463,046 1,302,775 1,327,800 713,427 658,708 547,540 378,707 380.945 403,979
Stennis Space Center 188,692 155,066 146,382 52,200 44,100 41,700 87,930 57,863 49,558 48,562 53,103 55,124
Ames Research Center 556,109 557,925 605,417 14,935 18,900 48,700 354,383 359,228 367,509 186,791 179,797 189,208
Dryden Flight Research Center 158,589 186,386 178,356 5,400 5,600 6,000 93,905 120,061 112,123 59,284 60,725 60,233
Langley Research Center 653,015 632,473 563,344 8,700 5,500 2,700 424,036 399,562 325,175 220,279 227.411 235,469
Lewis Research Center 727.857 670,607 627,169 20,299 21,900 48,900 472,620 383,819 314,599 234,938 264,888 263,670
Joddard Space Flight Center 2,747,421 2,749,661 2,642,725 8,500 10.700 7.300 2,190,562 2,325,901 2,190,561 548,359 413,060 444,864
Jet Propulsion Laboratory 878,007 971,305 1,045,860 2,750 200 3.000 845,965 053,651 1,026,01C 29,292 17,554 16,850
Headquarters 389,522 409,067 492,491 15,049 33,325 293,900 144,416 168,060 234,451 230,057 207,682 228,140
Undistributed:
Undistributed Reduction: -9,500 -53,500 5 MO0 21 600 0 .S00 -31,900
Construction of Facllities:
Various locations 3,011 3,606 3,240 3,011 3,505 3.240
TATAT NAQA 12 70R R71 17 AR NNN 12 ARR ONN R R74 ROO & A7 B0 K K11.000 S84R3.100 K§.K86K2.000 5.457.400 2.564.000 2.388.200 2.476.600

* Note: This chart contains a transfer of responsibility for program manageinent among NASA installations.  Comparing FY 1998 to IFY 1999, the estinates
from the Lewis Research Center and the Goddard Space Flight Center reflects transfer of funding management for procurement of expendable
launch vehicle services to the Kennedy Space Center.

** Notle: Undistributed reductions to be taken in Mission Communication Services and Space Comimunication Services inn FY 1998 and IFY 1999,
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

PROPOSED APPROPRIATION LANGUAGE

ADMINISTRATIVE PROVISIONS
[INCLUDING TRANSFER OF FUNDS)

Notwithstanding the Himitation on the availability of funds appropriated
for “Humman space flight*. “Science. aeronautics and technology”. or
“Mission support* by this appropriations Act. when any activity has been
initlated by the incurrence of obligations for construction of facilities as
authorized by law. such amount available for such activity shall remain
available until expended. This provision does not apply to the amournts
appropriated in “Mission support* pursuant to the authorization for repair,
rehabilitation and modification of facilities. minor construction of new
facilities and additions to existing facilitles. and facility planning and
design.

Notwithstanding the limitation on the availability of funds appropriated
for “Human space flight”, “Science.aeronautics and technology”. or
“Mission support* by this appropriations Act. the amounts approprlated for
construction of facilities shall remain available until September 30, {2000]
2001.

Notwithstanding the Hmitation on the availability of funds appropriated
for “Mission support” and “Office of Inspector General”. amounts made
available by this Act for personriel and related costs and travel expenses of
the National Aeronautics arid Space Administration shall remain available
until September 30, [1998] 1999arid may be used to enter irito contracts
for training. investigations. cost associated with personnel relocation, arid
for other seivices. to be provided during the next fiscal year.

[Of the funds provided to the National Aeronautics and Space
Atlminlstratlon in this Act, the Administrator shall by November 1, 1998,
make available no less than $400,000 for a study by the National Research
Council, with ari interim report to he completed by June 1, 998, that
evaluates. in terms of the potential Impact on the Space Statlon’sassembly
schedule, budget. arid capabflities, the engineering challenges posed by
extravehicular activity (EVA)requirements. United States and nori-United
States space launch requirements. the potential need to upgrade or replace
equipment and coriiponents after assembly complete. arid the requirements
to decomniisslon and disassemble the facility]

NASA shall develop u revised appropriation structure for submisston tn the
Fiscal Year 2000 budget request conststing of two basic appropriations (the
Human Space Flight Appropriation and the Science, Aeronautics and
Technology Appropriation) with a separate (third) appropriation for the Qffice
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of the Inspector General. The appropriations shall each include the pluanned
Jill costs (dtrect and tndtrect costs) of NASA’s related activittes arid allow
NASA to shift ctvll service salartes, benefits and support between and/or
amonyg appropriations or accounts, as requlred,for the safe, timely. and
successful accomplishment of NASA misstons. (Departments of Veterans

Affatrs and Housing arid Urban Development, and Independent Agencies
Appropriations Act, 1998.)
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1999 ESTIMATES

(IN MILLIONS OF REAL YEAR DOLLARS)

The FY 1999 multi-year budget estimate is submitted in accordance with the NASA FY 1989 Authorization Faw (P.L.

HUMAN SPACE FLIGHT

SPACE STATION

US/RUSSIAN COOPERATIVE PROGRAM
SPACE SHUTTLE

PAYLOAD UTILIZATION AND OPERATIONS

SCIENCE, AERONAUTICS AND TECHNOLOGY

SPACE SCIENCE

LIFE AND MICROGRAVITY SCIENCES AND APPLICATIONS
EARTH SCIENCE

AERONAUTICS & SPACE TRANSPORTATION TECHNOLOGY
MISSION COMMUNICATION SERVICES

ACADEMIC PROGRAMS

FUTURE PLANNING (SPACE LAUNCH)

MISSION SUPPORT

SAFETY, MISSION ASSURANCE, ENGINEERING AND ADVANCED
CONCEPTS
SPACE COMMUNICATION SERVICES

RESEARCHAND PROGRAM MANAGEMENT
CONSTRUCTION OF FACILITIES
INSPECTOR GENERAL

TOTAL

1997
PAST
YEAR

5,674.8

2,148.6
300.0
2,960.9
265.3

5,453.1

1,969.3
243.7
1,361.6
1,339.5
418.6
120.4

2,564.0

38.8
2914
2,078.5
155.3

16.8

13,708.7

1998
CURRENT
YEAR

5,679.5

2,501.3
50.0
2,922.8
205.4

5,552.0

1,983.8
214.2
1,367.3
1,470.9
395.8
120.0

2,388.2

37.8
194.2
2,033.8
122.4

18.3

13,638.0

1999
BUDGET
YEAR

5,511.0

2,270.0

3,059.0
182.0

5,457.4

2,058.4
242.0
1,372.0
1,305.0
380.0
100.0

2,476.6

35.6
177.0

2,099.0
165.0
20.0

13,465.0

2000
5,312.0
2,134.0

2,998.0
180.0

5,530.4

2,207.4
257.0
1,492.0
1,092.0
382.0
100.0

2,415.6

35.6
136.0

2,079.0
165.0
20.0

13,278.0

2001

5,156.0

1,933.0

3,049.0
174.0

5,726.4

2,308.4
266.0
1,494.0
1,026.0
382.0
100.0
150.0

2,412.6

35.6
125.0

2,087.0
165.0
20.0

13,315.0

100-685).

2002

4,930.0

1,766.0

2,989.0
175.0

5,917.4

2,387.4
264.0
1,449.0
1,057.0
380.0
100.0
280.0

2,526.6

39.6
151.0
2,171.0
165.0

20.0

13,394.0

2003

4,715.0

1,546.0

2,989.0
180.0

6,120.4

2,568.4
264.0
1,407.0
1,071.0
380.0
100.0
330.0

2,579.6

39.6
121.0

2,254.0
165.0
20.0

13,435.0
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
HUMAN SPACE FLIGHT
FISCAL YEAR 1999 ESTIMATES
GENERAL STATEMENT
GOAL STATEMENT
The Human Space Flight program is the key component of NASA’s Human Exploration and Development of Space (HEDS)
Enterprise, which has as its ultimate mission to open the space frontier by exploring, using arid enabling the development of space.
Our current programs provide safe, assured transportation to and from space for people and payloads, and develop and operate
habitable space facilities in order to enhance scientific knowledge, support technology development, and enable commercial activity.
The four major goals of the Human Space Flight program are the following:
- Increase human knowledge of nature’s processes using the space environment
- Explore the solar system

- Achieve routine space travel
- Enrich life on Earth through people living and working in space

STRATEGY FOR ACHIEVING GOALS

In Human Space Flight, we are committed to ensuring effective, efficient and safe transportation to and from space, while
continually seeking to improve the safety margin of the Space Shuttle. We are actively probing our process in order to reduce
operational costs, improve performance on development projects and to selectively enhance capabilities to meet customer needs

As we expand our capabilities for allowing humans to live and work continuously in space, we are transitioning our research from
the Shuttle-borne Spacelab, to the conduct of joint space activities with Russia aboard the Mir, to the International Space Station.

Human Space Flight, through the utilization of Space Shuttle and Space Station, provides the capabilities to enable the development
of advanced space systems, technologies, and materials. In meeting these capabilities, we will ensure that our workforce, our most
important resource, will have management support to meet operational and future program requirements through career
development training and employee recognition programs.

Recognizing the national benefits derived from past space activities, we will continue to emphasize the Human Space Flight

program’scontribution to the national community. These contributions will be implemented by contributing to science and
engineering educational opportunities for our youth, and in space through support of collaborative relationships with industry and
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by improving the nation's quality of life by making advanced technology, directly and through "spinoffs", available to the private
sector.

Human space flight achievements in exploration and development of space have paved the way for enhancing our nation's
leadership in expanding the human presence in space. The necessity to fly safely and the requirement to satisfy payload customer
needs, while striving to reduce operations costs will be the dominant programmatic thrusts throughout the next decade. Our
success in achieving Human Space Flight goals and objectives will play a central role in leading our Nation to future technological
advances for humans as they further expand their presence in space.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
HUMAN SPACE FLIGHT

FISCAL YEAR 1999 ESTIMATES
(INMILLIONS OF REAL YEAR DOLLARS)

BUDGET PLAN

FY 1997 FY 1998 FY 1999
HUMAN SPACE FLIGHT 5.674.8*  5.679.5** 5.511.0
SPACE STATION 2,148.6 2,501.3 2,270.0
US/RUSSIAN COOPERATION 300.0 50.0 --
SPACE SHUTTLE 2,960.9 2,922.8 3,059.0
PAYLOAD AND UTILIZATION OPERATIONS 265.3 205.4 182.0

* FY 1997 estimates reflect the "pro forma" restatement of Space Station Research Facilities funded in the Science, Aeronautics and
Technology appropriation. This restatement is provided for comparability purposes.

** FY 1998 estimates reflect the effects of transferring funds from the enacted levels in P.L. 105-65 for the Mission Support (MS) and

Science, Aeronautics and Technology (SAT)appropriations to the Human Space Flight (HSF) appropriation. A legislative proposal is
being submitted for the purpose of providing transfer authority between the HSF appropriation and the MS and SAT appropriations.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

PROPOSED APPROPRIATION LANGUAGE

HUMAN SPACE FLIGHT

For necessary expenses. not otherwise provided for. in the conduct arid
support of human space flight research arid development activities.
including research, development. operations. and services; maintenance;
coristructlon of facilities including repair. rehabilitation. arid modification of
real and personal property. and acquisition or condemnation of real
property. as authorized by law; space flight, spacecraft control and
communications activities including operations. production. and seivices;
and purchase. lease, charter. maintenance and operation of mission and
administrative aircraft, [$5,506,500,000] $5.511,000,0000 rerain
available until September 30. [1999: Provided, That of the $2,351,300,00
made available under this heading for Space Station activities, only
$1,500,000,000 shall be available before March 31, 19981 2000.

For necessary expenses d the International Space Statton, to becorne
avatlable on October | d the fiscal year specified and remain available for
that and the followtng fiscal year, us follows; for fiscal year 2000,
$2,134,000,000;for fiscal year 2001, $1,933,000,000; for fiscal year 2002,
$1,766,000,000;for fiscal year 2003, $1,546,000,000 und for fiscal year
2004, $350,000,000. (Departments d Veterans Affatrs and Houstng and
Urban Development, arid Independent Agenctes Appropriations Act, 1998.)
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

HUMAN SPACE FLIGHT
SPACE STATION
US/RUSSIAN COOPERATION
SPACE SHUTTLE

PAYLOAD AND UTILIZATION OPERATIONS

HUMAN SPACE FLIGHT

REIMBURSABLE SUMMARY
(INMILLIONS OF REAL YEAR DOLLARS)

BUDGET PLAN

FY 1997

[=2]
e
(43

34.5

34.0

FY 1998

30.9

39.9

FY 1999

75.6

123.7
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1999 ESTIMATES

DISTRIBUTION OF HUMAN SPACE FLIGHT BY INSTALLATION

(Thousands of Dollars)

Johnson Kennedy Marshall Stennis Ames Dryden Flight  Langley Lewis Goddard Jet
Space Space Space Flight Space Research Research Research Research  Space Flighit  Propulsion

Program Total Center Center Center Center Center Center Center Center Center Lab Headquarters

Space Station 1997 2,148,600 1,940,500 68.500 93,300 0 14,800 0 7,200 19,200 500 400 4.200

1998 2,501,300  2.234,900 86,300 118,600 0 18.900 0 5,500 21,900 0 200 15,000

1999 2,270,000 1,862,600 96,700 182,800 0 48,700 0 2,700 48.900 0 3.000 24,600

U.S.-Russian Cooperative 1997 300,000 297,200 2,400 300 (o] 0 0 (o] (o] 100 0 0

Program 1998 50,000 50,000 0 0 0 o] 0 0 0 0 0 0
1999

Space Shuttle 1997 2,960,900 1,473,600 142,900 1.276.500 50,500 (] 5,400 1,000 800 500 2,100 7.600

1998 2,922,800 1,574.500 160,000  1.136,400 42,700 0 5.600 0 0 o] 0 3.600

1999 3,059,000 1,685,800 227.800 1,096,200 40,200 (] 6,000 (o] (o] (] (o] 3,000

Payload and Utilization 1997 265,300 91,221 67,600 92,946 1,700 135 0 500 299 7,400 250 3.249

Operations 1998 205,400 82,900 47,900 47,775 1,400 0 0 (0] (0] 10.700 (] 14,725

1999 182,000 48,500 73.600 48,800 1,500 0 0 [0) 0 7,300 (0] 2,300

TOTAL HUMAN SPACE 1997 5,674,800 3,802,521 281,400 1,463,046 52.200 14,935 5,400 8,700 20.299 8,500 2,750 15.049

FLIGHT 1998 5,679,500  3.942,300 294,200 1,302,775 44,100 18,900 5,600 5.500 21.900 10,700 200 33.325

1999 5,511,000 3,596,900 398,100 1,327,800 41,700 48,700 6,000 2,700 48,900 7.300 3.000 29,900
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HUMAN SPACE FLIGHT
FISCALYEAR 1999 ESTIMATES
BUDGET SUMMARY

OFFICE OF SPACE FLIGHT

SUMMARY OF RESOURCES REQUIREMENTS*

SPACE STATION

FY 1999

Page
Number

(Thousands of Dollars)

1,055,500
840,300
374.200

2.270.000

1,862,600
96,700
182,800
48,700
2,700
48,900

3,000
24,600

2.270.000

HSF 1-4
HSF 1-17
HSF 1-22

FY 1997 FY 1998
Development. ... 1,809,900 1,789,900
(@0 1=T - 1 o] 1 142,600 490,100
L ETSTT= 1 (o o 1 196.100 221.300
TOtAl eeeriiiicirrrr e ————— 2,148,600 2.501.300
Distribution of Program Amount bv Installation
Johnson Space Center ... s 1,940,500 2,234,900
Kennedy Space CENter ... 68,500 86,300
Marshall Space Flight Center .....cccocccerrcienicseesssseessssneenns 93,300 118,600
AmMes ResSearch Center .o 14,800 18,900
Langley Research Center.. coovciviiericcisnreensissneeessssssneeessnnnns 7,200 5,500
Lewis Research Center ..., 19,200 21,900
Goddard Space Flight Center.. cccovcvmrccieencsseenscsneessseennns 500 -
Jet Propulsion Laboratory .....eeccccneeenicssnseeessssneeennns 400 200
HeadquUAarters.. . s sssses 4,200 15.000
10 ] =Y 2,148,600 2,501,300
* Summarg adjusted to reflect restructured budget in FY 1997, and prospective transfer authority and reallocations-in FY 1998:
Space Station operating plans 2,017,200 2,301,300
Research elements budget in science, aeronautics & technology 131,400
Prospective transfer authority 173,000
Prospective reallocations from human space flight - 27,000
Space Station FY 1999budget estimates 2,148,600 2,501,300
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PROGRAM GOALS

The goal of the International Space Station (1SS) is to determine the feasibility and desirability of future human exploration. It
provides a long-duration habitable laboratory for science and research activities which allow investigation of the limits of human
performance, vastly expand human experience in living and working in space, and provide the capability to understand whether
there are additional opportunities for the large-scale commercial development of space. The ISS will provide a capability to perform
unique, long duration, space-based research in cell and developmental biology, plant biology, human physiology, fluid physics,
combustion science, materials science and fundamental physics. ISS will also provide a unique platform for making observations of
the Earth's surface and atmosphere, the sun, and other astronomical objects. The experience and dramatic results obtained from
the use of the ISS will guide the future direction of the Human Exploration and Development of Space Enterprise, one of NASA's key
strategic areas. The Space Station is key to NASA's ability to fulfill its mission to explore, use, and enable the development of space
for human enterprise.

STRATEGY FOR ACHIEVING GOALS

The Space Station is unique because it will provide the world with a permanent international outpost in space. The schedule for the
current design emphasizes an early permanent crew capability that provides an advanced research laboratory for use by
international crews for extended durations. Therefore, early into the program, the Space Station will provide the capability to
stimulate new technologies, enhance industrial competitiveness, further commercial space enterprises, and add greatly to the
storehouse of scientific knowledge.

The ISS is the culmination of the redesign work begun in FY 1993to increase efficiency and effectiveness in response to lower
projections for the Agency budget and growing emphasis on other programs. Human presence in space is one of NASA's highest
priorities, and the redesigned Space Station has met the President's goal to reduce program costs while still providing significant
research capabilities. The current management approach in which a single contractor, Boeing, has total prime and integration
responsibilities with the previous prime contractors (McDonnell Douglas, Rocketdyne, and Boeing Huntsville) now performing
program responsibilities under the Boeing corporate structure. This has resulted in clearer lines of authority and greater
accountability along with increased efficiency. Program management of the ISS is located in Houston, Texas.

The baseline program content includes development, operations and research, which includes Space Shuttle-Mir activities, science
payload facilities, and utilization related to the Space Station. Extensive coordination with the user community is ongoing with
payload facilities development and research and technology activities being coordinated with the Office of Life and Microgravity
Sciences and Applications (OLMSA)and the Office of Mission to Planet Earth (OMTPE).

NASA has consolidated the management of Space Station research and technology, science utilization, and payload development
with the Space Station development and operations programs in order to enhance the integrated management of the total content of
the budget. The Space Station program manager is responsible for the cost, schedule and technical performance of the total
program. The OLMSA and OMTPE remain responsible for establishing the research requirements to be accommodated on the
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Space Station and will respond to the direction of the program manager to ensure the utilization priorities and requirements are
consistent with the overall Space Station objectives. This total budget is funded within the Space Station budget line of the Human
Space Flight appropriation account.

Funding in FY 1998 reflects the additional $100 million and the reallocated $80 million from the Mission Support appropriation, as
provided for in P.L. 105-65. Funding in FY 1998 also reflects prospective transfer authority of $173 million and additional
reallocations of $27 million for the Space Station. The program is planning work activity in FY 1998 based on these funding
assumptions. The NASA operating plan reflecting the $180 million appropriation increase was submitted in January 1998. A
supplemental appropriation and revised operating plan requesting the required transfer authority and reallocations will be
submitted by the Administration.

Of the $173 million to be sought in transfer authority, NASA plans to transfer $73 million upon enactment by Congress with the
remaining $100 million provided later, as warranted. Any future budget growth will be offset within the Human Space Flight

appropriation.

International participation in the Space Station program was initiated in 1984 with invitations issued by President Reagan to
Europe, Japan and Canada. With the US. playing the lead role, the international partnership invited Russia to participate in the
program in 1993. As a result, Space Station cooperating agencies now include NASA, the Russian Space Agency (RSA),the
Canadian Space Agency (CSA),the European Space Agency (ESA),and the National Space Development Agency of Japan (NASDA).
International participation in the program has significantly enhanced the capabilities of the ISS. Through FY 1996,the CSA, ESA
and NASDA have invested nearly $6 billion for design and development, and anticipate a total expenditure of $10 billion. In
accordance with the terms of the agreements, the US. and our international partners will share the total available resources and
the common costs for operations. The ISS represents an unprecedented level of international cooperation.

Recently, under a bilateral agreement with the U.S., the Brazilian Space Agency (AEBas become a participant in the U.S. ISS
program. Brazil's contributions help fulfill a portion of U.S. obligations to the ISS program in exchange for access to the U.S. share
of ISS resources. Similarly, on a bilateral basis, NASA and the Italian Space Agency have recently signed an updated MOU for Italy's
provision of three multi-purpose logistics modules. Additionallyin a September 1997 Agreement in Principle with NASDA a
Centrifuge, Centrifuge Accommodation Module (CAM),and Life Sciences Glovebox will be provided as an offset for the Shuttle

launch of the Japanese Experiment Module (JEM). This fall an Agreement in Principle was signed with ESA that will provide Nodes
2 and 3 as an offset for the Shuttle launch for the Attached Pressurized Module (APM).

Development of the Space Station program is being conducted in a phased approach. The initial phase, which will be concluded this
year, includes nine Shuttle-Mir docking missions. The goals of this initial phase are to develop and demonstratejoint mission
procedures with Russia, to gain valuable experience to reduce technical risk during International Space Station construction, and to
provide early opportunities for extended scientific research.

The next phase of the program begins with the scheduled launch of the U.S.-owned/Russian-launched functional cargo block (FGB)
inJune 1998, and concludes with the launch of the Airlock on Flight 7A. Permanent crew capability for three persons is possible
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upon delivery of the Soyuz in January 1999. Microgravity capability will be available in June 1999, with the outfitting of the U.S.
laboratory. At completion of this phase in August 1999, the Station configuration will include the U.S. node, laboratory, pressurized
mating adapters, power, airlock and mini-pressurized logistics module (MPLM);Russian FGB, service module and Soyuz; and the
Space Station remote manipulator system (SSRMS)provided by Canada.

By the end of FY 2002 the Station configuration will include the U.S. Laboratory, the second and third U.S.nodes, cupola, truss
elements , three solar arrays, the Japanese Experimental Module (JEM), a Russian research module, docking and life support
modules, and resupply/support vehicles. By the end of CY 2003, planned activities include the delivery to orbit of the ESA Attached
Pressurized Module (APM)*, a second Russian research module, a crew return vehicle (CRV), the fourth solar array, Centrifuge
Accommodation Module(CAM)/Centrifuge, and the U.S. Habitation Module. Routine logistics module launches to the Space Station
will continue over the remaining lifetime of the Station. Delivery of the crew return vehicle and the final outfitting flight will mark
the beginning of the permanent 6-member crew capability. Delivery of the Habitation Module will signal the initiation of the
permanent 7-member crew capability.

*Attached pressurized module (APM) is the new name for Columbus Orbital Facility (COF).
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BASIS OF FY 1999 FUNDING REQUIREMENT

SPACE STATION DEVELOPMENT

EY 1997 FY 1998 FY 1999
[Thousands of Dollars)

Flight Nardware .....eeeeeeeiiiicccccccssssssssrrrrser e 1,540,700 1,529,000 931,400
Test, manufacturing and assembly .....ccccvcvncncseesseessenne 95,700 97,400 33,700
Operations capability and construction.. .......ccceeevveieivenennen. 115,700 115,100 64,300
Transportation SUPPOIt .evvcevssrsssessssesssssssssssssssssssssssssnsns 55,700 47,000 26,100
Flight technology demOoNStrations wssssssssssssssens 2.100 1.400 -
L] 7 | 1.809.900 1.789.900 1.055.500

PROGRAM GOALS

Development of the International Space Station (ISS)will provide an on-orbit, habitable laboratory for science and research
activities, including flight and test hardware and software, flight demonstrations for risk mitigation, ground operations capability
and facility construction, shuttle hardware and integration for assembly and operation of the station, mission planning, and
integration of Space Station systems.

STRATEGY FOR ACHIEVING GOALS

Responsibility for providing Space Station elements is shared among the U.S. and our international partners from Russia, Europe,
Japan, and Canada. The U.S. elements include three nodes, a laboratory module, airlock, truss segments, four photovoltaic arrays,
a habitation module, three pressurized mating adapters, unpressurized logistics carriers, and a cupola. Various systems are also
being developed by the U.S., including thermal control, life support, navigation and propulsion, command and data handling, power
systems, and internal audio/video. The U.S. funded elements also include the FGB energy tug being constructed by a Russian firm
under the Boeing prime contract. Other U.S. elements include the pressurized logistics modules provided by the Italian Space
Agency and equipment and research facilities provided by the Brazilian Space Agency.

Canada, member states of the European Space Agency (ESA),Japan, and Russia are also responsible for providing a number of ISS
elements. Laboratory modules will be provided by the Japanese, ESA, and Russia. Canada will provide a remote manipulator
system, vital for assembly of the station. The Russian Space Agency (RSA) is also providing significant ISS infrastructure elements
including the science power platform, life support modules, Soyuz crew transfer vehicle, Progress resupply vehicles, and universal

docking modules.
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The Boeing company is the prime contractor for the Space Station with responsibility for integration and assembly of the ISS. At
their Huntington Beach site location (formerly McDonnell Douglas), Boeing is developing and building the integrated truss segments
that separate station elements and house essential systems, including central power distribution, thermal distribution and attitude
control equipment. Radiators, communications antennas, and the Space Station robotic manipulator system are also mounted to
truss segments. Additionally major components of the communications and data handling, thermal control, and the guidance,
navigation and control subsystems are being developed at Huntington Beach.

U.S. pressurized volumes are being developed by Boeing at their Huntsville site location. After the first element launch of the FGB
energy block in June 1998, the next flight in July 1998, will launch Node 1, a pressurized volume which contains four radial and
two axial berthing ports. The node will be launched with two pressurized mating adapters (PMAs) attached and will serve as the
docking location for the delivery of the U.S. laboratory module and the pressurized logistics module. Node 2 is currently manifested
for flight during April 2001, the Cupola is manifested for flight during May 2002, and Node 3 is manifested for flight during July
2002. The final U.S. pressurized volume is the habitation module which will contain the galley, wardroom, waste management,
water processing and other crew support functions necessary for human operations.

The power truss segments and power system, essential to the Station’shousekeeping operations and scientific payloads, is being
built by Boeing at their Canoga Park site location (formerlyRocketdyne Division, Rockwell International). Four photovoltaic
elements containing a mast, rotary joint, radiator, arrays, and associated power storage and conditioning elements which make up
the power system are being .developed.

The development program also includes test, manufacturing and assembly support for critical NASA center activities and
institutional support. These “in-line”products and services include: test capabilities: the provision of govemment-furnished
equipment (GFE), including flight crew systems, environment control and life support systems, communications and tracking, and
extravehicular activity (EVA)equipment; and, engineering analyses. As such, they support the work of the prime contractor, its
major subcontractors and NASA system engineering and integration efforts.

Operations capability and construction provides for the development of a set of facilities, systems and capabilities to conduct the
operations of the Space Station. The work will be performed at the Kennedy Space Center (KSC) and the Johnson Space Center
(JSC). The KSC will develop launch site operations capabilities for conducting pre-launch and post-landing ground operations. JSC
will develop space systems operation capabilities for conducting training and on-orbit operations control of the Space Station.
Construction of the neutral buoyancy laboratory (NBL) in Houston has been completed, and it now provides the capability for Space
Station crew training that meets the requirement for simultaneous EVA training (upto nine crew members at a time).

The redesigned Space Station emphasizes multicenter and multiprogram cooperation. AtJSC, a consolidated approach between
Space Shuttle and Space Station minimizes duplicated effort and costs for command , control and training. Crew training will be
based on a detailed risk analysis to determine the optimum failure response training profile. Therefore, training will be knowledge-
and proficiency-based rather than driven by timeline and detailed procedures rehearsal.
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Transportation support provides those activities which allow the Space Shuttle to dock with the Space Station. This budget supports
development and procurement of two external Shuttle airlocks, and upgrade of a third airlock to full system capability, which are
required both for docking the Space Shuttle with the Russian Mir and for use with the Space Station. Other items in this budget
include: the Shuttle remote manipulator system (RMS)and Space Shuttle mission training facility upgrades; development of a UHF
communications system and a laser sensor; procurement of an operational space vision system; procurement of three docking
mechanisms and Space Station docking rings: EVA/Extravehicular Mobility Units (EMU)services and hardware; and integration costs
to provide analyses and model development.

Space Station technology and system validation funding requirements include flight technology demonstrations, flown during Phase I,
in areas of joint NASA/RSA development that pose a level of technical or programmatic risk warranting additional verification. Risk
areas include life support, the data processing system, automatic rendezvous and docking, vibration isolation in a microgravity
environment, assembly and maintenance, loads and dynamics, contamination, radiation environment, and micrometeoroid/orbital
debris. In addition, funding is provided for operational techniques development for procedures, utilizing the Space Shuttle flights to
the Russian Mir Space Station, that will benefit the future operational phases of the ISS program.

MEASURES OF PERFORMANCE

Completed Incremental Design A series of incremental, cumulative reviews throughout the design phase to assure that system

Review (IDR) level requirements are properly implemented in the design, have traceability, and that hardware
Performed Stage Integration  and software can be integrated to support staged assembly and operation. IDR #1 performed
Reviews (SIR) these functions for flights 1A through 6A. Subsequently, IDR#2 assessed design progress for

flights 1A through 7A. IDR#2B assessed the entire Space Station assembly sequence.

IDRs have been replaced by a more classical Critical Design Review (CDR)approach on a stage-
by-stage basis, which review groupings of flights with assembly hardware and
functionality/performance linkages across the stage.

Performed SIR 1 for flights through 2A (4th Qtr FY 1997)
¢ Performed SIR 2 for flights through 4A (1stQtr FY 1998)
o Perform SIR 3 for flights through 6A (2nd Qtr FY 1998)
o Perform SIR 4 for flights through 4R (4th Qtr FY 1998)
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Prime Development Activity

Flight 1A/R:
FGB Energy Block
(FirstElement Launch)
(Proton Launch Vehicle)
Planned: November 1997
Revised: June 1998

Flight 2A:
Node 1, Pressurized Mating
Adapters (PMA-1, PMA-2)
Planned: December 1997
Revised: July 1998

NOTE: All activities listed are planning milestones, and are not contractual.

Self-powered, active vehicle: provides attitude control through early assembly stages; provides
fuel storage capability after the service module is attached; provides rendezvous and docking
capability.

e Completed factory ground testing of first flight unit (slip from 3™ Qtr FY 1997 to 4" Qtr FY
1997)

Complete flight software (slip from 3™ Qtr FY 1997 to 1stQtr FY1998)

Deliver FGB flight article to Baikanour (slip from 3™ Qtr FY 1997 to 2™ Qtr FY 1998)

Install solar arrays in FGB flight article (slip from 1* @tr FY 1998 to 3“ Qtr FY 1998)
Mating of FGB to Launch Vehicle (slip from 1" Qtr FY 1998to 3™ Qtr FY 1998)

On-Orbit checkout, Service Module docking, fuel transfer (slip from 1* Qtr FY 1998to 3“ Qtr
FY 1998)

Initial U.S. pressurized element, launched with PMA-1, PMA-2, and 1 stowage rack: PMA-1
provides the interfaces between U.S. and Russian elements: PMA-2 provides a Space Shuttle
docking location.

e Completed Node Structural Test Article (STA) proof pressure/leak rate qualification testing 1*
Qtr FY 1997)

¢ Began engineering, fabrication, assembly, set-up and preparation for node STA modal
survey test (1" Qtr FY 1997)

o Completed installation of mechanical equipment into Node 1 flight article primary structure
(1™ Qtr FY 1997)

¢ Began final assembly and outfitting of all major components of Node 1 flight article (1* Qtr FY
1997)

¢ Completed STS-88 Cargo Integration Review (I'"™ Qtr FY 1997)

e Completed pressurized mating adapter (PMA- 1) shell (slipfrom 1'"Qtr FY 1997 to 2™ Qtr FY
1997)

¢ Completed PMA-2 shell 2™ Qtr FY 1997)

Completed design and fabrication of Node 1 flight article external secondary structure (Slip

from 2™ Qtr FY 1997 to 3" Qtr FY 1997)

Began PMA-1 acceptance test (slip from 2™ Qtr FY 1997 to 3" Qtr FY 1997)

Began PMA-2 acceptance test (slip from 2™ Qtr FY 1997 to 4™ Qtr FY 1997)

Stage Integration Review # 1 (slip from 2™ Qtr FY1997 to 4" Qtr FY 1997)

PMA 1 & 2 on dock at KSC (slip from 3™ Qtr FY 1997 to 4" Qtr FY 1997)

Complete Node 1 acceptance test (slip from 3™ Qtr FY 1997 to 2™ Qtr FY 1998)
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Flight 2A. 1
Logistics
Planned: December 1998

Flight 3A
Z1 Truss Segment, Control
Moment Gyros (CMGSs),PMA-
3, KU-Band
Planned: July 1998
Revised: January 1999

e Node 1on dock at KSC (3" Qtr FY 1997)

o Complete Node STA static flight loads testing (slip from 4™ Qtr FY 1997 to 1* Qtr FY 1998)

o Complete Flight 2A Cargo Element Integration and Test (slip from 1* Qtr FY 1998to 2nd Qtr
FY 1998)

e Space Shuttle Payload Integration and Test (slip from 1* Qtr FY 1998to 4" Qtr FY 1998)

Double Spacehab flight for logistics during early assembly;
equipment to further outfit the service module.

e Increment Definition and Requirements Document (IDRD) baselined (4™ Qtr FY 1997)
Station Cargo Integration Review (SCIR)(2™ Qtr FY 1998)
Flight Operations Review (FOR)(3™ Qtr FY 1998)

e Hardware on'dock at KSC (4" Qtr FY 1998)

Z1 Truss allows temporary installation of the P6 photovoltaic module to Node 1 for early U.S.
based power; KU-band and CMGs support early science capability: PMA-3 provides a Space
Shuttle docking location for the lab installation on flight 5A.

e Completed CMG qualification testing (2™ Qtr FY 1997)

« Began assembly of 3A Flight Model DDCUSs (slipfrom 1* Qtr FY 1997 to 4" Qtr FY 1997)

e Z1 qualification structure fabrication and assembly completed (slip from 2™ Qtr FY 1997 to
3" Qtr FY 1997)

e Completed flight article CMG acceptance test for flight unit #1 (slipfrom 2™ Qtr FY 1997 to

4™ Qtr FY 1997)

Z1 modal and static qualification tests complete (slip from 4" Qtr FY 1997 to 1* Qtr FY 1998)

PMA-3 on-dock at KSC (Slipfrom 4™ Qtr FY 1997 to 2™ Qtr FY 1998)

KU-Band on dock at KSC (2" Qtr FY 1998)

S-Band on dock at KSC (2™ Qtr FY 1998)

21 final assembly and test (3™ Qtr 1998)
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Flight 4A:
P6 Truss segment,
Photovoltaic Array,
Thermal Control System
(TCS)Radiators, S-Band
Equipment
Planned: November 1998
Revised: April 1999

Flight 5A:
U.S. Laboratory,
5 Lab System Racks
Planned: December 1998
Revised: May 1999

Establishes initial U.S. photovoltaic module based power capability: installed in a temporary
location on top of the Z1 truss until flight 13A when it is permanently attached to the P5 truss:
includes 2 TCS radiators for early active thermal control.

+ Completed mechanical installation and outfitting of integrated electronics assembly (IEA)
qualification unit (1* Qtr FY 1997)

« Completed E-wing life cycle testing (1* Qtr FY 1997)
Completed assembly of P6 IEA qualification unit (1* Qtr FY 1997)
Completed IEA qualification unit hardware/software integration and functional testing (1*
Qtr FY 1997)

e Began P-6 long spacer flight hardware fabrication/assembly (1" Qtr FY 1997)

e Began thermal balance testing of IEA qualification unit (2™ Qtr FY 1997)

Completed fabrication and assembly of P6 long spacer qualification unit (slip from 3 Qtr FY

1997 to 4" Qtr FY 1997)

Completed IEA flight unit fabrication (slip from 3 Qtr FY 1997to 4™ Qtr FY 1997)

P6 long spacer on dock at KSC (2™ Qtr FY 1998)

IEA to KSC (2™ Qtr FY 1998)

Complete flight qualification IEA testing (3™ Qtr FY 1998)

PV Arrays flight units on dock at KSC (3™ Qtr FY 1998)

Establishes initial U.S. user capability: launches with 4 system racks preintegrated,;
KU-band and CMGs are activated.

Began laboratory common module STA qualification testing (1" Qtr FY 1997)

Completed development of lab flight article pressure vessel (2™ Qtr FY 1997)

Completed Mission Integration Plan Baseline (slip from 2™ Qtr FY 1997 to 4™ Qtr FY 1997)
Complete Flight 5A Stage Integration Review (slip from 4" Qtr FY 1997to 2™ Qtr FY 1998)
Complete lab racks, crew systems, closeouts, and hatch installation (slip from 1* Qtr FY
1998to 3™ Qtr FY 1998)

Complete Cargo Integration Review (slip from 1* Qtr FY 1998 to 3™ Qtr 1998)

Complete Lab hardware/software integration (3™ Qtr FY 1998)

Lab on dock at KSC (4™ Qtr FY 1998)
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Flight6 A
Mini-Pressurized Logistics
Module, Canadian Remote
Manipulator System, UHF
Planned: January 1999
Revised: June 1999

Flight 7A:
Airlock
HP Gas
Plan: August 1999

Flight 7A.1
MPLM
SLP pallet
Planned: November 1999

Adds U.S. lab outfitting with 1 stowage and 7 systems racks: UHF antenna provides space-to-
space communication capability for U.S. based EVA: manifests Canadian SSRMS needed to

perform assembly operations on later flights.

e Completed MPLM System Critical Design Review (2™ Qtr FY 1997)

e Delivered SSRMS Structural Test Article to NASA (slip from 2™ Qtr FY1997 to 3™ Qtr FY
1997)

¢ Baselined Flight 6A Mission Integration Plan (slip from 2™ Qtr FY 1997 to 4 Qtr FY 1997)

e Complete MPLM FM1 structure manufacturing and assembly (slipfrom 3 Qtr FY 1997to 1*
Qtr FY 1998)

* Complete Stage Assessment Integration Review (slip from 4™ Qtr FY 1997to 2™ Qtr FY 1998)

* Begin integration of Spacelab Logistics Pallet Cargo Element (slip from 2™ Qtr FY 1998 to 3"

Qtr H 1998)

e Deliver MPLM to KSC (3™ Qtr FY 1998)

e Cargo Integration Review (slip from 2™ Qtr FY 1998to 4" Qtr FY 1998)

* Remove 6A racks from Lab at KSC (slipfrom 4" Qtr FY 1998 to 2™ Qtr FY 1999)

¢ Complete Flight Operations Review (slip from 4" Qtr FY 1998to 2™ Qtr FY 1999)

Launches the airlock and installs it on orbit. The addition of the airlock permits 1SS-based EVA
to be performed without loss of environmental consumables such as air.

Completed proof press test (4™ Qtr FY 1997)

Airlock structure delivery to outfitting team (4" Qtr FY 1998)
Outfitting element level qualification test complete (2™ @tr FY 1999)
Airlock on dock at KSC (2™ Qtr FY 1999)

Complete SLP integration (3" Qtr FY 1999)

Logistics and utilization mission delivering resupply/return stowage racks, resupply stowage
platforms, photovoltaic batteries, battery charge and discharge (BCDC)units, and an orbital
replaceable unit (ORU)device

¢ IDRD baseline (3™ Qtr FY 1998)
¢ MPLM hardware on dock at KSC (4" Qtr FY 1998)
¢ SCIR(1* Qtr FY 1999)
¢ FOR (3" Qtr FY 1999)
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Flight 8A: SO0 is the truss segment which provides attachment and umbilicals between pressurized
SO Truss elements and truss mounted distributed systems/utilities. Maobile Transporter provides SSRMS
Mobile Transporter translation capability along the truss.

Plan: February 2000

Complete SO STA fabrication and assembly (1* Qtr FY 1998)
Complete SO STA outfitting (2™ Qtr FY 1998)

Complete SO STA structural testing (2™ Qtr FY 1999)

Complete SO flight fabrication and assembly (3* Qtr FY 1998)

SO on dock at KSC (1* Qtr FY 1999)

Complete SO integrated testing (3™ Qtr FY 1999)

Complete Mobile Transporter structural test article (1* Qtr FY 1998)
Complete Mobile Transporter flight article (3™ Qtr FY 1998)

Flight 9A: S1 truss provides permanent active thermal control capability. Crew and Equipment Translation
S1 Truss Aid (CETA) cart provides EVA crew translation capability along the truss.

CETA Cart
Plan: June 2000

Non-Prime Development Activity

Complete S1 STA fabrication and assembly (3 Qtr FY 1998)
Complete S1 STA outfitting (4" Qtr FY 1998)

Complete S1 STA structural testing (4™ Qtr FY 1999)
Complete S1 flight fabrication and assembly (4" Qtr FY 1998)
S1 on dock at KSC (2™ Qtr FY 1999)

Complete S1 integrated testing (4™ Qtr FY 1999)

Global Positioning System (GPS) Provides autonomous, real-time determination of Space Station's position, velocity, and attitude
of absolute time

Delivered GPS Antenna Assembly (4" Qtr FY 1997)
Deliver GPS Receiver/Processor (slip from 3™ Qtr FY 1997 to 4™ Qtr FY 1998)
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Extra-Vehicular Activity System

Flight Crew Systems

Airlock Service And Performance
Checkout Unit

Provides Government Furnished Equipment (GFE),EVA unique tools, Orlan SAFER (Russian
space suit),and EVA support equipment for the Space Station. Provides EVA development and
verification testing. Provides for operation of the WETF/NBL and the maintenance of neutral
buoyancy mockups to support Station EVA development activities.

® O O O

Delivered Orbital Support Equipment (3™ Qtr FY 1997)

Delivered Articulating Portable Foot Restraints (slip from 3 Qtr FY 1997 to 4" Qtr FY 1997)
Delivered Torque Multiplier (slip from 3™ Qtr FY 1997to 4" Qtr FY 1997)

Deliver Orlan SAFER - first 2 units (slip from 1" Qtr FY 1998 to TBD)

Deliver Temporary Equipment Restraint Aid (2™ Qtr FY 1998)

Deliver Crew Equipment Transfer Aid Cart Proto-Flight unit (slip from 1* Qtr FY 1997 to 4"
Qtr FY 1999)

Provides flight and training hardware and provisions for food and food packaging development:
housekeeping management: portable breathing apparatus: restraints and mobility aids, tools and
diagnostic equipment and portable illumination Kit.

Completed 6A Operations and Personal Equipment CDR (1* Qtr FY 1997)

Delivered Restraints and Mobility Aids (1* Qtr FY 1997)

Completed CDR for portable illumination (2™ Qtr FY 1997)

Complete Stowage Tray Restraint CDR (slip from 2™ Qtr FY 1997 to TBD)

Complete production of tools and diagnostic flight hardware kit (slip from 1* Qtr FY 1998 to
3" Qtr FY 1998)

Complete Personal Hygiene Kit PRR Preliminary/Program Requirements Review (2™ Qtr FY
1998)

Deliver Maintenance Workstation Kit, Portable Illumination, and Housekeeping Kit (4™ Qtr FY
1998)

Provides flight servicing, performance unit, and certification unit, Russian space suit support
hardware interface definition and documentation, test plans and reports, mockups, and thermal
analysis.

o

Completed CDR (slip from 4™ Qtr FY 1996to 4" Qtr FY 1997)

Deliver Certification unit hardware to Airlock Test Article (Slip from 2™ Qtr FY 1997 to 3* Qtr
FY 1998)

Complete certification unit integration test (slip from 4™ Qtr FY 1997 to 3” Qtr FY 1998)
Complete flight unit acceptance test (slipfrom 4" Qtr FY 1997 to 3™ Qtr 1998)
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Space Station Training Facility
(SSTF)

Integrated Planning System
(IPS)

Mission Control Center

Primary facility for space systems operations training and procedures verification.

L
[ ]
[ ]
L ]
.

Completed Part task trainer for Flight 1A (slip from 4" Qtr FY 1996to 4™ Qtr FY 1997)
SSTF Initial Ready for Training (RFT)for flight 2A (slip from 3™ Qtr FY 1997 to 4" Qtr FY
1997)

SSTF Initial RET for flight 5A (slip from 4™ Qtr FY 1998to 1* QTR FY 1999)

SSTF Final RFT for Flight 5A (3" Qtr FY 1999)

SSTF Final RFT for Flight 2A (3" Qtr FY 1998)

SSTF Initial RFT for Flight 6A (1* Qtr FY 1999)

SSTF Final RET for Flight 6A (3" Qtr FY 1999)

*Flightsbeyond 6 A TBD for SSTF

Provides planning and analysis tools for pre-increment and real-time operations systems
supporting trajectory/flight design, timelines, resource utilization, onboard systems,
performance analyses systems operation data file procedures and control, maintenance
operations, inventory and logistics planning, robotics analysis, and procedures development.

Completed delivery to support Flight 5A planning and operations (slip from 3™ Qtr FY 1997 to
4™ Qtr FY 1997)

Complete delivery to support Flight 1J/A (slip from 4" Qtr FY 1997 to 4" Qtr FY 1998)
Complete ISS MOD Avionics Reconfiguration System (IMARS)development (3™ Qtr FY 1998)
Complete IPS development (3™ Qtr FY 1999)

Facility providing integrated command and control capabilities and support to real-time
increment operations.

Completed Standoff Vent Fan (SVVP)integration test for flights 2A-4A (slip from 2™ Qtr FY
1997to 3™ Qtr FY 1997)

Delivery to support Flight 2A flight following capability (slip from 3™ Qtr FY 1997 to 2™ Qtr FY
1998)

Delivery to support CSA Interface and Payload Interface (3" Qtr FY 1998)

Delivery to support Flight 5A ISS Command and Control Capability (slip from 4" Qtr FY 1998
to 1" Qtr FY 1999)

Complete backup control center (control center development complete) (3™ Qtr FY 1999)

MCC RFT for UF- 1 (4" Qtr FY 1998)
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ACCOMPL I1SHMENTS AND PLANS

FY 1997

During FY 1997 the major program focus continued to be manufacturing and testing of flight hardware to support First Element
Launch (FEL)in June 1998 and subsequent launches throughout 1999. Major preparation was made in support of the FGB, Node
1, truss segments, the U.S. laboratory, and the subsystems to support these elements. The international partners continued
development of flight hardware.

The U.S. effortincluded work on Node 1,PMA 1and PMA 2. Key structural tests were also completed on several major U.S. elements
(node static loads, Z1 static loads, integrated electronics assembly acoustic, aft common berthing mechanism, and lab modal
survey).

Other accomplishments include completing the fabrication of major flight structures (Node 1, integrated electronics assembly and
lab module),completion of the Mini-Pressurized Logistics Module (MPLM)critical design review (CDR),and installation of the lab
endcone. Qualification testing for 15 percent of critical items tracked by the program was successfully completed.

Major KSC deliveriesin 1997 included the Node 1inJune, and the PMA 1in July.

FY 1998

In FY 1998 the initiation of Phase 2/3 assembly of the ISS will occur with the launch of the U.S. owned/Russian launched
Functional Cargo Block (FGB). The FGB is a self sufficient orbital vehicle that will provide initial capabilities for propulsion,

guidance, communication, electrical power and thermal control systems.

The launch of Node 1 (1 stowage rack), PMA 1and PMA 2 by the Space Shuttle will follow in FY 1998. PMA 1will provide a
pressurized tunnel between the U.S. pressurized elements and the Russian Modules. The PMA 2 will provide a Shuttle docking
location.

Planned major KSC deliveries for FY 1998 include the PMA 2, Z1 Truss, Flight IEA, Flight Long Spacer, MPLM, laboratory and
laboratory racks.

FY 1999
On flight 1R, the Russian-provided service module (SM) will contain all the systems necessary for independent orbital operations
and will serve as a habitat and laboratory. The SM is scheduled on a Russian launch vehicle in December 1998, but contingency

options are being addressed.

Also scheduled for a December 1998 launch date is Flight 2A. 1. This flight will launch the Spacehab double cargo module.
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Flight 2R in FY 1999 launches a Soyuz crew transfer vehicle giving the ISS three person human permanent presence capability, and
initial science research microgravity capability will follow.

Flight 34, also in FY 1999, launches the first truss segment Z1, the third PMA, Ku-band, control moment gyros, S-Band equipment,
and extravehicular activity subsystem (EVAS) components. The Z1 truss segment serves as a temporary location for the first
photovoltaic (PV) assembly (P86).

Flight 4A launches the P6 Truss structure containing the long spacer, integrated electronic assembly (IEA), P6 photovoltaic array,
and the external active thermal control system (EATCS). This launch establishes initial US power generation via solar arrays and

provides initial PV thermal control.

During FY 1999the US laboratory module with five system racks installed will be launched on Flight 5A. This will provide
pressurized volume that will be utilized for scientific research.

Flight 6A in FY 1999 delivers the mini pressurized logistics module (MPLM)containing 6 lab system racks, one storage rack, and two
resupply stowage platforms for the US laboratory. Flight 6A also delivers the UHF antenna deployment mechanism, lab cradle
assembly {LCA), rigid umbilical and the Space Station remote manipulator system (SSRMS), which are transported to orbit on the

Spacelab logistics pallet (SLP)in the Orbiter payload bay.

Also during FY 1999, Flight 7A will be used to launch the airlock and install it on orbit. The addition of the airlock permits 1SS-based
EVA to be performed without loss of environmental consumables such as air. Flight 7A will complete Phase 2.
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BASIS OF FY 1998 FUNDING REQUIREMENT

SPACE STATION OPERATIONS

FY 1997 FY1998 FY 1999

(Thousands of Dollars)
Vehicle 0perations.. s esnsrrrr e 33,500 312,400 574,800
Ground and transportation operations.. .....eieeesessenens 109.100 177,700 265.500
TOtal cuveeririrrrr e —————— 142,600 490,100 840.300

PROGRAM GOALS

The first objective of the operations program is to provide for the safe, reliable, and sustained operation of the Space Station and the
ground and transportation operations required to plan, train, and fly the vehicle. The second major goal is to perform the
operations in a simplified and affordable manner. This includes NASA's overall integration of distributed operations functions to be
performed by each of the international partners in support of their elements. Space Station operations will rely on the
infrastructure developed for the Space Shuttle, and the experience derived from the Space Shuttle-Mir program to develop efficient
and effective operations, Finally, operations will facilitate the transition of the various elements of the International Space Station
(ISS)development program to the operations program.

STRATEGY FOR ACHIEVING GOALS

In order to increase the efficiency and lower the cost of operations, vehicle, ground and transportation operations planning began
early in the ISS development program. Streamlining and efficiencies with existing programs will be maximized.

Space Station vehicle operations will provide systems engineering and integration to sustain the specification performance and
reliability of Space Station systems, logistics support for flight hardware and launch site ground support equipment, configuration
management, and any associated procurement activity.

Vehicle operations sustaining engineering will be performed. Additionally, flight hardware and software sustaining engineering will
be consolidated at the Johnson Space Center (JSC)to allow all flight hardware and software to be handled under a single contract.

Maintenance and repair costs continue to be minimized by the application of logistics support analysis to the design,
resupply/return and spares procurement processes. Flight hardware spares and repair costs will continue to be reduced by
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establishing a maintenance and repair capability that effectively utilizes Kennedy Space Center (KSC)and original equipment
manufacturers or other certified industry repair resources.

Ground operations will provide command and control, training, operations support and launch site processing. A unified command
and control center for the Space Station includes the Mission Control Center-Houston (MCC-H)and the Mission Control Center-
Moscow (MCC-M)at Kaliningrad. As the flight elements from Europe, Japan and Canada become operational, their respective
ground operations functions will be integrated by NASA into the unified command and control architecture. The MCC-H will be the
prime site for the planning and execution of integrated system operations of the Space Station. Communication links from both
Moscow and Houston will support control activities, using the Tracking and Data Relay Satellite System (TDRSS)system and the

Russian communication assets.

Flight controllers are being trained to operate the Space Station as a single integrated vehicle, with full systems capability in the
training environment. Crew members are being trained in Space Station systems, operations, and other activities expected during a
mission. Part-task and full hardware mockups and simulators will be used to provide adequate training for the crew prior to flight.
Integrated training, consolidation of payload and systems training facilities, the concept of proficiency based learning, and onboard
training will increase the efficiency of the overall training effort.

Ground operations support will provide analysis systems definition, development, and implementation to ensure that a safe and
operationally viable vehicle is delivered and can be maintained. Functions include the following: vehicle design participation and
assessment, operations product development, ground facility requirements and test support, ground display and limited
applications development, resource planning, crew systems and maintenance, extravehicular activity (EVA), photo/TV training,
operations safety assessments, medical operations tasks, mission execution and systems performance assessment, and sustaining
engineering.

Cargo integration supportwill provide accurate, timely, and cost effective planning and layout of cargo stowage items, analytical
analysis of cargo/transport systems compatibility, and physical integration of cargo items into the transport carriers and on-orbit

ISS stowage systems.

Launch site processing begins prior to the arrival of the flight hardware at KSC with requirement definition and processing
planning. Upon arrival at KSC, the flight hardware will undergo various processes, dependent upon the particular requirements for
that processing flow. These processes may include: post delivery inspection/verification, servicing, interface testing, integrated
testing, close-outs, weight and center of gravity measurement, and rack/component to carrier installation.
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MEASURES OF PERFORMANCE

Publish Preliminary Flight Rules
Plan: January 1997
Actual: January 1997

Baseline Second Multi-Manifest
Plan:  April 1997
Actual: September 1997

Complete SSPF operational
readiness
Plan: June 1997
Actual: January 1997

Complete MCC-H/Space Station
Training Facility (SSTF)
integrated operations training
capability
Plan:  October 1997
Actual: October 1997

Baseline SSP 50234, Sustaining
Engineering Implementation
Plan

Plan: January 1998

Baseline SPIP Vol. 10,
Sustaining Engineering
Plan: January 1998

Definitize Sustaining
Engineering Contract Mod
Plan: March 1998

ISS Generic Flight Rules, Volume B Development of ISS Flight Rules continues with participation
by International Partners and Shuttle.

Annual update of multi-increment manifest covering Program multi-lateral vehicle traffic and
crew rotation plan through the assembly period.

Completion of the installation and activation of the Space Station Processing Facility (SSPF)and
facility systems. Provides the capability to support launch site processing of the KSC launched
cargo elements.

Supports the training schedule to train ground crews for real-time operations of the Space
Station vehicles.

Required to ensure NASA and its contractors are providing proper skills, tools, processes, and
facilities for supporting delivered flight hardware and software.

Standard Program Implementation Plan volume 10 provides guidance on requirements to ensure
provision of proper skills, tools, processes, and facilities for supporting delivered flight hardware
and software.

Required to ensure prime contractor support for delivered ISS flight Hardware and software is in
place.
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Demonstrate MCC-H to MCC-M  Development of the Mission Control Center - Houston (MCC-H)to Mission Control Center -
Command Support Capability Moscow (MCC-M)command capability re-essay for the support of Space Station Operations.
Plan: March 1998

Publish MIM 98-1 Annual update of the multi-increment manifest (MIM) covering Program multi-lateral vehicle
Plan:  April 1998 traffic and crew rotation plan through the assembly period.

Begin MCC-H ISS flight following The Mission Control Center - Houston (MCC-H)is in a flight-following mode of operations until
mode with flight 1A/R and 2A Flight 5A, when NASA takes over primary real-time command and control of the ISS.
Plan: June 1998

Publish Operations Summary 98 Annual update to the ISSP Operations Summary, which defines basic ISS resources available for
Plan: June 1998 long range utilization planning.

Baseline Increment Definition & The IDRD includes requirements and resource allocations for Planning Period 3 which covers the
Requirements Document (IDRD) 2000 timeframe.
PP#3

Plan:  July 1998

ACCOMPLISHMENTSAND PLANS

FY 1997

In FY 1997, work continued on KSC launch site requirements definition, processing plans, and scheduling, as well as the
development of ground support equipment and the test control and monitor system (TCMS). The SSPF and facility systems
installation, activation, and validation continued until the operational readiness date, June 1997. The SSTF and MCC-H began
crew and ground controller training for flights 1A-2A. Also during FY 1997, the integrated planning system was ready to support
planning for the 1A-5A flights. The preliminary release of the increment specific flight rules and operations data file for flight 2A
was produced. InFY 1997and FY 1998, suppliers and original manufacturers were put on repair retention contracts to ensure
repair of failed equipment and continued operation of ISS. Procurement of spares below the equipment level was a major thrust in
Fy 1997.

FY 1998
In FY 1998, the first two assembly flights (1 Russian and 1 U.S.) will occur, requiring the initiation of real-time operations support.

The following recurring operations activities indicate a buildup in operations workload: ISS crew simulator training for two (2)
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flights: the basic release of the operations data file for five (5)flights: Shuttle mission integration plans baselined for six (6)flights;
and basic release of the increment specific flight rules for 6 flights. The MCC-H will begin functioning in a flight-following mode of
operation starting with the first element launch on ISS flight 1A/R, and will continue to operate in this mode throughout Fy 1998.
Updates to the multi-increment manifest and the definition of ISS resources available for long range utilization planning will
continue, and the IDRD for the year 2000 timeframe will be baselined. A change will be made to the ISS Prime Contract to add
sustaining engineering effort through the assembly period plus 12 months. In addition, sustaining engineering activities will
develop and implement plans and processes to ensure that all the proper skills, tools, and facilities are in place and ready to
support the delivered flight hardware and software in a safe and efficient manner.

FY 1999

In FY 1999, assembly flights increase significantly (2 Russian and 5 U.S.). In addition, the first logistics flight occurs. The following
operations activities indicates an intense operations workload: ISS crew simulator training for eight (8)flights: the basic release of
the operations data file for seven (7)flights: Shuttle mission integration plans baselined for nine (9)flights; and the basic release of
increment specific flight rules for 6 flights. The MCC-H will take over the primary real-time command and control of the ISS in early
1999. Updates to the multi-increment manifest and the definition of ISS resources available for long range utilization planning will
continue. The IDRD for the year 2001 timeframe will be baselined. Sustaining engineering will continue to support the delivered
flight hardware and software while simultaneously maintaining skills, tools, processes, and facilities to ensure that Space Station is
operating in a safe and efficient manner.
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BASIS OF FY 1999 FUNDING REQUIREMENT

SPACE STATION RESEARCH*

EY 1997 FY 1998 H 1999
(Thousands of Dollars)
Research Projects. ...cccccvrrerrrreeesnisissssssssssnnsrreesesssssssssssssnnns 82,200 95,300 232.200
Utilization SUPPOIt. ..o 54,600 89,000 140,000
Mir Support (including Mir Research) ......cccovvnienicncnnnnes 59,300 37,000 2.000
Total, o 196,100 221.300 374,200
* Research in FY 1997 was funded in both science, aeronautics and technology, and human space flight:
. .
Research projects 82,200
Utilization support 18,100
Mir support (research) 31,100
Human space flight 64,700
Utilization support 36,500
Mir support 28,200

PROGRAM GOALS

NASA will utilize the International Space Station (ISS) as an interactive laboratory in space to advance fundamental scientific
knowledge and to foster new scientific discoveries for the benefit of the United States (U. S.)and to accelerate the rate at which it
develops beneficial applications derived from long-term, space-based research. The ISS will be the world's premier facility for
studying the role of gravity on biological, physical and chemical systems. The program will deliver the capability to perform unique,
long-duration, space-based research in cell and developmental biology, plant biology, human physiology, biotechnology, fluid
physics, combustion science, materials science and fundamental physics. ISS also provides a unique platform for making
observations of the Earth's surface and atmosphere, the sun, and other astronomical objects, as well as the space environment and

its effects on new spacecraft technologies.

As NASA moves into the Space Station era, there will be a major transition from the current short-term on-orbit experimentation
program to the long-term research efforts made possible by the capabilities of the ISS. The core of the Space Station research
program will be eight major research facilities: the Gravitational Biology Facility, the Centrifuge Facility, the Human Research
Facility, the Materials Science Research Facility (formerlyknown as the Space Station Furnace Facility),the Biotechnology Facility
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(whichincludes Protein Crystal Growth activities), the Fluids and Combustion Facility, the Window Observational Research Facility,
and the Low Temperature Microgravity Physics Facility. In addition to the eight major facilities, NASA will develop common-use
Laboratory Support Equipment and the Expedite the Processing of Experiments to Space Station (EXPRESS)racks and pallets for
the Station.

STRATEGY FOR ACHIEVING GOALS

In 1996 NASA consolidated the management of Space Station research and technology, science utilization, and payload development
with the Space Station development and operations program in order to enhance the integrated management of the total content of
the ISS budget. The Space Station program manager is now responsible for the cost, schedule and technical performance of the
total program. The Office of Life and Microgravity Sciences and Applications (OLMSA)and Office of Earth Science remain
responsible for establishing the research requirements consistent with the overall Space Station objectives. The FY 1998 budget
reflects this consolidation by funding the total budget within the Space Station budget line of the Human Space Flight appropriation
account. The research and technology elements of the program, including Mir support and research, and the Station-related Space
Product Development activities from the former Office of Space Access and Technology, are included in the Space Station Research
budget. In a FY 1997 revised operating plan, the U.S./Russian Cooperative program budget line was discontinued, and Mir Support
was transferred to the Space Station program budget line.

The Space Station program completed a major restructuring in order to match research utilization of the on-orbit resources with the
research support capabilities during the assembly period, and to enhance science planning and training for long-term operations.
Reviews of research facilities, payloads, and user operations against the NASA research objectives were completed in the summer of
1997 to ensure an appropriate strategy was devised to achieve the maximum scientific and technological return. In order to more
closely align the delivery of the research facilities to the Station with the availability of crew time, power and upmass capabilities, as
well as to address fiscal constraints, several research facilities are now targeted for delivery toward the end of the assembly
sequence of the Station. In addition, early research on board the Station during the assembly sequence has been realigned to the
available resources.

Significant progress has been made in the establishment of international participation in the provision of U.S. research facilities.
The Centrifuge, Centrifuge Accommodation Module, and Life Sciences Glovebox were included in a September 1997 Agreement in
Principle with the National Space Development Agency of Japan (NASDA) as partial offset for the Shuttle launch of the JEM. The
cryogenic freezer racks and the Minus-Eighty Laboratory Freezer (MELF)for ISS will be provided by the European Space Agency
(ESA)under a March 1997 Memorandum of Understanding. The Brazilian Space Agency (AEB}, as a participant in the NASA
program, will provide the Technology Experiment Facility, Window Observational Research Facility Block 2, and the Expedite the
Processing of Experiments to Space Station (EXPRESS)pallet, under an Implementing Arrangement between the U.S. and Brazilian
governments.

In the 1998budget, the Research budget was structured with the following components: Science Utilization, Research Facilities,

Utilization Support and Mir Support. In order to more closely mirror the science areas, starting in FY 1998, the Research program
is being realigned into the following components: Research Projects (includingAdvanced Human Support Technology, Biomedical
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Research and Countermeasures, Gravitational Biology and Ecology, Microgravity Research, Space Products Development, Earth
Observation Systems, and Engineering Technology), Utilization Support (including Flight Multi-User Hardware and Support),and
Mir Support (including Mir research).

Prior to the program restructure, Science Utilization supported the development of experiment-unique flight hardware, engineering
supportto U.S. principal investigators, ground-based facilities, and science operations in the various science disciplines. As aresult
of the restructure, these activities have been realigned into the various research projects and utilization support, as appropriate.

Research Projects

The primary objective of Advanced Human Support Technology (AHST) is the definition, development and testing of advanced
technology hardware and processes in support of humans-in-space engineering and life support, and extra-vehicular activity.
Specific areas of potential research which have been identified include closed loop life support systems (C02 reduction and 02
generation), biological water recovery, advanced telemetric biosensors, and wearable computers.

The mission of the AHST research and technology development facility is to identify, develop, and perform flight demonstration,
testing, and validation of selected advanced technologies consistent with Space and Life Sciences (SLS) and the NASA Strategic Plan.
These flight experiments will demonstrate miniaturization, low power consumption, high reliability, ease of use. and cost
effectiveness for technologies which play a role in Life Support, Environmental Monitoring and Control, Biomedical Research and
Countermeasures, Crew Health Care, and Extravehicular Activities. The AHST rack will provide a means for taking advanced
technologies, which may originate within or outside NASA, to levels of maturity beyond what could be accomplished through ground
testing alone. This effort will enable rapid accommodation of advanced technologies into operational systems on the ISS. The initial
AHST facility payload on the Station is planned as a single modified EXPRESS rack which will support rotation of subrack payload
investigations with a typical duration of 90-180days.

Biomedical Research activities include the following: the Human Research Facility (HRF), the Crew Health Care Subsystem (CHeCS)
and the associated payload development. HRF hardware will enable the standardized, systematic collection of data from the Space
Station's crew members, which the medical and research community will require in order to assure crew health. Once verified on-
orbit, the HRF will also be used to conduct basic and applied human research and technology experiments.

In addition to the biomedical research that will be conducted using the HRF, NASA's biomedical activities aboard the 1SS will include
the suite of hardware necessary to protect crew health. The CHeCS will support medical care requirements for the ISS crew
following deployment of the U.S. Laboratory module in 1999. CHeCS hardware will provide inflight capabilities for ambulatory and
emergency medical care. Itwill support monitoring of medically necessary environmental parameters, along with capabilities for
counteracting the adverse physiological effects of long-duration space flight. Hardware commonality between CHeCS and the HRF is
being evaluated, with the synergy between the two programs resulting in maximum research efficiency and cost savings.

The Gravitational Biology and Ecology activities include the Gravitational Biology Facility (GBF), the Centrifuge Facility, and
associated payload development activities, combined to make a complete on-orbit laboratory for biological research. The GBF will
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design, develop, and conduct the on-orbit verification of Space Station research equipment to support the growth and development
of a variety of biological specimens, including animal and plant cells and tissues, embryos, fresh and salt water aguatic organisms,
insects, higher plants, and rodents. The GBF will support specimen sampling and storage as well as limited analysis activities. The
GBF modular design will accommodate the incremental development of experiment capabilities in a manner consistent with evolving
ground and flight science needs of the research community.

The Centrifuge Facility includes two habitat holding systems, a two-and-a-half meter diameter centrifuge rotor, life sciences
glovebox, and a service system rack. Under the NASA-NASDA Agreement in Principle, NASDA will potentially provide the centrifuge
rotor, life sciences glovebox and the Centrifuge Accommodation Module. A formal implementing arrangement to cover Japans
contribution is expected to be concluded in mid- 1998.

Microgravity Research activities include development of the Fluids and Combustion Facility, Material Science Research Facility,
Biotechnology Facility, Low-Temperature Microgravity Physics Facility, and payload development.

The Biotechnology Facility (BTF)supports research in the areas of protein crystal growth and cell tissue cultures which include
studies on the maintenance and response of mammalian tissue cultures in a microgravity environment. The facility will provide a
support structure as well as integration capabilities for individual biotechnology experiment modules. Its modular design will
provide the flexibility to accommodate a wide range of experiments in cell culturing and protein crystallization. The facility will
accommodate changes in experimental modules and analytical equipment in response to changes in science priorities or
technological advances. The BTF will support a large group of academic, industrial and government scientists.

The Fluids and Combustion Facility (FCF)supports research on interfacial phenomena, colloidal systems, multiphase flow and heat
transfer, solid-fluid interface dynamics, and condensed matter physics, and definition of the mechanisms involved in various
combustion processes in the absence of strong buoyant flows. The FCF is a three rack payload. The Fluids Module Experiment
Rack is designed to accommodate several multi-purpose experiment modules that are individually configured with facility-provided
and experiment-specific hardware to support each fluids experiment. The Combustion Module houses a combustion chamber that
is equipped with ports to allow an array of modular diagnostic systems to view the experiment. The facility core rack will provide
common support systems for both the combustion and the fluid payload racks: however, the combustion and fluid racks are being
designed to operate as standalone hardware during the Station assembly period.

The development of the Space Station Furnace Facility (SSFF)was reassessed in FY 1997 and resulted in reduced FY 1999 funding
requirements. This project has been renamed the Materials Science Research Facility (MSRF)nd is being restructured to provide
the maximum opportunity for material research early in the Space Station assembly sequence, with the ultimate goal of a mature 3-
rack facility by the end of assembly. This project will be used to study underlying principles necessary to predict the relationships
of synthesis and processing of materials to their resulting structures and properties. It is anticipated that cooperative efforts with
the international science community will assist in the development of some discipline-specific furnace modules for use by the US.
science community, thus leveraging the hardware development investments undertaken by NASA. A final concept will be completed
in FY 1998.

HSF 1-25



The objective of the Low Temperature Microgravity Physics Facility (LTMPF)is to investigate the fundamental behavior of condensed
matter without the complications introduced by gravity. Primary LTMPF research will study the universal properties of matter at
phase transitions, and the dynamics of quantum fluids. The LTMPF will be a remotely operated payload package attached to the
Japanese exposed facility of the Station, and is expected to improve measurements by a factor of 100 over similar terrestrial tests.
This attached payload facility will support two independent research instruments simultaneously (ata temperature between 0 and 4
degrees Kelvin) and provide 6 to 8 months of microgravity operation between reservicing and hardware changeout.

NASA's commercial research programs for ISS will take advantage of the new opportunities for space flight operations provided by
the ISS, and a distinctly new operating environment. Among other activities, the commercial research programs for the 1SS will
concentrate on commercial protein crystal growth and plant growth research. The commercial protein crystal growth activities for
ISS are underway at the Center for Macromolecular Crystallography, and plant growth research at the Wisconsin Center for Space
Automation and Robotics, the Center for Bioserve Space Technologies, and their industrial affiliates.

SAGE 111 will measure chemical properties of the Earth's atmosphere between troposphere and the mesosphere. A key aspect of
this research will investigate effects of aerosols on ozone depletion in the atmosphere. SAGE 11l is a payload attached to the outside
of the Station and will be mounted on an ESA-provided precision pointing platform.

The Window Observational Research Facility (WORF) will be located in the U.S. Laboratory Module at the zenith- (Earth-)pointing
window location. The WOREF, which includes a high-quality window and a special rack structure to support optical equipment
attachment, will provide a crew work station for research-quality Earth observations of rare and transitory surface and atmospheric
phenomena. The first version, the Block 1 WOREF, is being developed as a research testbed for early utilization during the Station
assembly sequence. A more mature Block 2 version is planned to be provided by the Brazilian Space Agency as a subsequent
upgrade.

The International Space Station as an Engineering Center (ISSEC) project will be located atJSC and is planned to maximize the use
of the ISS as a unique on-orbit laboratory and to foster partnerships with other U.S. Government, industrial, and academic
communities. The ISSEC will identify and define innovative technology concepts, develop these concepts into flight experiments,
and perform the necessary laboratory-scale investigations on-board the ISS to validate the physical characteristics advanced by
these concepts. The ISSEC program promotes the fast track implementation of these experiments. At the same time, the ISSEC
program will obtain proposals for the facilities which can provide the necessary support for one or more experiments to operate
without duplication of functions.

Utilization Support
Utilization Support provides the necessary capabilities to integrate and operate payloads of commercial, academic and government
researchers on the ISS. These capabilities provide the facilities, systems and personnel to support the ISS user community in

efficient and responsive user/payload operations. Support is provided for flight and ground capabilities to ensure efficient and
complete end-to-end payload operations. Telescience operations are supported to maintain the highest flexibility for both the user
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community and NASA at the lowest cost. NASA and International Partner payload operations are integrated to ensure compatible
use of ISS resources and to resolve payload requirement conflicts.

Utilization Support provides pre-flight payload engineering integration, verification and checkout support, payload operations
integration, payload training, mission planning, real-time operations support, data processing and distribution and launch site
support. Services begin with initial definition of the payload for flight and continue throughout onboard ISS operation and return of
experiment's data and equipment to the user. Services include documentation of interfaces and verification requirements, training
of ground and flight teams, and development and execution of mission plans to meet the needs of the user community. Mission
execution activities have been streamlined to allow greater payload operational flexibility.

On the ground, the Payload Operations Integration Center (POIC)/United States Operations Center (USOC),Payload Data Services
System (PDSS),and the Payload Planning System (PSS) provide the user community with the tools and resources to access ISS flight
payload services and conduct operations from their home laboratories. For those users who do not have access to command and
telemetry processing capability at their home location, the USOC provides accommodations for them to conduct their ground-based
operations support. Development cost of these systems has been reduced by utilizing generic architecture which supports multiple
programs including Space Shuttle, Spacelab, and the Advanced X-Ray Astrophysics Facility (AXAF).

Utilization Support also assists payload developers through the provision of payload checkout and verification tools needed for
development and verification of their payloads. Among the systems provided are the Payload Rack Checkout Unit (PRCU).and the
Suitcase Test Environment for Payloads (STEP). A Payload Data Library (PDL)will provide a single electronic interface for payload
developers to provide the requirements and data necessary for the ISS to integrate and operate their experiments.

In addition to the support provided to U.S. payload developers, NASA's Utilization Support will also provide the necessary integration
across all International Partner payload planning and operations to ensure efficient, compatible use of Space Station payload
resources.

In addition to the major facility-class payloads, NASA plans to fly smaller, less complex payloads on the ISS which will typically have
more focused research objectives and shorter development time cycles and will be easily adapted to a variety of users. An EXPRESS
Rack concept has been adopted to drastically shorten user pre-flight payload preparation activities. The EXPRESS rack will enable
a simple, streamlined analytical and physical integration process for small payloads by providing standard hardware and software
interfaces. The project flightand ground systems were successfully demonstrated on a precursor flight of an EXPRESS rack in FY
1997 on the MSL-1 Spacelab mission. The EXPRESS pallet project provides small attached payloads with a similar streamlined
process and hardware and software interfaces. The Brazilian Space Agency is responsible for developing the EXPRESS pallets for
NASA.

Laboratory Support Equipment (LSE) is also under development for the Space Station in order to support Life and Microgravity
Sciences and other experiments. This equipment includes a digital thermometer, videocamera, passive dosimeter, specimen labeling
tools, microscopes, small mass measurement device, pH meter, incubator and refrigerated centrifuge. A cryogenictransport freezer
and low-temperature onboard freezers are also being developed to support Station research activities.
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Mir Support (including Mir Research)

Prior to the budget restructure, Mir Support funding was comprised of a Human Space Flight (HSF)component and a Science,
Aeronautics and Technology (SAT)component. It has been reorganized to include the following components: Phase 1 program
office, life sciences, aerospace medicine, microgravity research, and mission management and integration.

The Mir program provides for early research opportunities during Phase 1 by conducting long-duration science aboard the Russian
Mir space station, as well as shorter duration science investigations on the Space Shuttle rendezvous missions to Mir. Nine Space
Shuttle missions to Mir are planned: seven were completed by the end of FY 1997, and two are planned for FY 1998. The program
will be completed in FY 1998. The primary objectives of these flights are to rendezvous and dock with the Mir; perform on-orbit,
joint U.S./Russian science and research; perform on-orbitjoint operations, which will serve as a platform for future ISS operations:
resupply Mir logistics: and rotate the American astronauts on-board Mir.

The Mir research program in the life science discipline supports research investigations in environmental monitoring and
countermeasures development and validation aboard the Mir. These investigations emphasize musculoskeletal, cardiovascular,
regulatory physiology, and neuroscience research, along with plant biology and other fundamental biology research. The Biorack
facility developed by ESA is flying on three of the Space Shuttle flights to the Mir. Biorack researchers investigate the influence of
gravity on cellular functions and developmental processes in plant and animal tissues. NASA will also use Mir to perform flight
experiments in environmental control, advanced life support systems, and advanced space station crew health care systems. These
investigations have reduced technical, schedule, and cost risks associated with the development and operation of the ISS.

The Mir research program in the microgravity discipline seeks to mitigate risk in scientific, technological, logistical, and operational
planning for the use of the ISS. Additional goals of the microgravity research on Mir are to characterize the microgravity
environment on Mir and to conduct specific U.S. investigations in microgravity research disciplines. Microgravity research has
utilized modified Space Shuttle experiment apparatus including the middeck glovebox, flight samples, science operations, and data
analysis/procedures in order to allow U.S. investigators to fully maximize the capabilities of the Mir Space Station.

MEASURES OF PERFORMANCE

Research Projects

Centrifuge Rotor and Life Sciences Agreement in Principle signed September 10, 1997. Contracts will be developed and released
Glovebox Development Contract based on a U.S./NASDA negotiated procurement cycle.

Plan: Under Review

Revised: 2nd Qir FY 1998

FCF Core System Requirements This review establishes full scale development plans required for go ahead for development.
Definition Review (RDR) Due to project restructuring, an integrated FCF hardware concept review is scheduled for 2nd
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Plan:  Under Review
Actual: 1stQtr Fy 1997

FCF Combustion System

Preliminary Design Review (PDR)
Plan: Under review
Revised: 1stQtr FY 1999

SSFF Critical Design Review (CDR)
Plan: Under review
Revised: TBD

Crew Health Care System (CHeCS)
Complete CDR
Plan: 2™Qtr FY 1997
Actual: 4" Qtr FY 1997

CheCS Complete manufacture and

assembly of qualification hardware
Plan: 3“Qtr FY 1997
Revised: 2nd Qtr FY 1998

HRF System CDR, Rack 1
Plan:  1stQtr FY 1997
Revised: 2nd Qlr FY 1998

GBF CDR, Rack 1
Plan: 3rd Qtr Fy 1997
Revised: 3rd Qtr FY 1998

Utilization Support

LLSE begin manufacturing of Cryo

Storage Units
Plan: TBD

Revised: 3rd Qtr FY 00

EXPRESS Rack CDR
Plan:  2nd Qtr FY 1997

Qtr FY 1998.

This review establishes the "design-to" baseline and ensures that it meets the project baseline
requirements. 10% of the flight drawing should be complete at this stage. An integrated facility
hardware concept review is scheduled for 2nd Qtr FY 1998.

This project has been renamed Materials Science Research Facility and is being restructured. A
requirements assessment review is schedule for 2nd Qtr FY 1998.

Provides crew health care system hardware included in the health maintenance system, and the
countermeasure system required to ensure crew health and safety.

Provides crew health care system hardware included in the health maintenance system, and the
countermeasure system required to ensure crew health and safety.

This review verifies the suitability of the design in meeting the specified requirements and
establishes its "build-to" project baseline. 90% of flight drawings should be complete at this
stage.

This review verifies the suitability of the design in meeting the specified requirements and
establishes its "build-to" project baseline. 90% of flight drawings should be complete at this
stage.

Refrigerator /freezer rephased to Flight 19A (Hab Outfitting Flight) when on-board volume
becomes available. Cryo Phase B kick-off is schedule for 1st Qtr FY 1999; Phase C/D begins
2nd Qtr FY 00.

This review verifies the suitability of the design in meeting the specified requirements and
establishes its "built-to" project baseline. 90% of flight drawings should be complete at this
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Actual: 1st Qtr FY 1997

Complete all POIC/USOC and
facilities outfitting
Plan: 17Qtr FY 1998
Revised: 3rd Qtr FY 1999

EXPRESS Pallet PDR
Plan: 2nd Qtr FY 1998
Revised: 3rd Qtr FY 1998

Complete initial ISS configuration of

POIC/USOC systems
Plan: 4th Qtr Fy 1998
Revised: 2nd QTR FY 1999

Complete UF- 1 baseline IDRD
Plan: 17Qtr FY 1998
Revised: 4th Qtr FY1998

WORF Block 1 Preliminary
Requirements Review (PRR)
Plan: 2nd Qtr FY 1998

WOREF Block 1CDR
Plan: 4th Qtr FY 1998

Start Payload Crew Training
Plan: 2nd Qtr 1999

PDSS Initial Operations Capability

Plan: 2nd Qtr 1999

Communications Link Activation

Plan: 1stQtr 1999

PPS Build 2
Plan: 3rd Qtr 1999

stage.

Includes workstation upgrades in payload operations integration center (POIC)and U.S.
operations center (USOC)at MSFC. Complete communications outfitting 3rd QTR FY 19398,
remainder of facilities outfitting 2nd QTR FY 1999 to support UF- 1 launch preparation.

This review establishes the “design-to“baseline and ensures that it meets the project baseline
requirements. 10% of the flight drawing should be complete at this stage.

POIC/USOC capabilities to support initial 1SS payload operations for Utilization Flights 1 and 2.

Capabilities are phased commensurate with availability of ISS flight resources. Revised Plan
reflects new UF- 1 date in ISS Assemble Sequence Revision C.

The interface definition and requirements document (IDRD) describes the on-orbit resources
(volume, power, data, etc.) allocated to all payloads. The IDRD for Planning Period 2 (including
flight 7.A.1)has been given priority and will be baselined in 1/98.

This review establishes the ”design-to”baseline and ensures that it meets the project baseline
requirements. 10% of the flight drawing should be complete at this stage.

This review verifies the suitability of the design in meeting the specified requirements and
its “build-to”project baseline. 90% of flight drawings should be complete at this stage.

’raining will begin for the first crew operating payloads on UF-1/2.

The capability to process Ku-band telemetry data for the UF-1and UF-2 missions will be
delivered.

The communication link from the HOSC to the Space Station Control Center (SSCC)will be
activated to support payload training and operations.

The payload planning system (PPS)capabilities required to support the UF-1 and UF-2
missions will be delivered.
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Mir Support (includingMir Research)

Long Duration Mission (LDM)-3 U.S. astronaut stayed aboard the Mir space Station conducting life sciences and microgravity
Plan: Sept. 1996-Jan. 1997 research.
Actual: Sept. 1996 - Jan. 1997

LDM-4 U.S. astronaut stayed aboard the Mir space Station conducting life sciences and microgravity
Plan: January - May 1997 research. Performed EVA to install Optical Properties Monitor Experiment on the outside of
Actual: January - May 1997 Mir.

LDM-5 U.S. astronaut stayed aboard the Mir space Station conducting life sciences and microgravity
Plan:  May - Sept. 1997 research. Performed EVA to inspect the outside of Mir.

Actual: May - Sept 1997

LDM-6 U.S. astronaut stays aboard the Mir space Station conducting life sciences and microgravity
Plan: Sept. 1997-Jan. 1998 research. U.S. astronaut performs EVA to retrieve NASA Optical Properties Monitor
Actual: In progress Experiment.

LDM-7 U.S. astronaut stays aboard the Mir space Station conducting life sciences and microgravity
Plan: January - May 1998 research.

NASA/Mir 5,6,7 Launches Spacehab mission management and integration functions for module Flights 5,6, 7, 8and 9
Plan:  2nd Qtr FY 1997 (Mir-5) will be performed by Spacehab, Incorporated. Life sciences research on Biorack will investigate
Actual: January 1997 cellular functions and developmental processes in plant and animal tissues. Microgravity
Plan:  3rd Qtr FY 1997 (Mir-6) objectiveswill be focused on reducing scientific risk and enhancing long duration experiment
Actual: May 1997 performance and science utilization in preparation for ISS. A multi-disciplined joint U.S./RSA
Plan:  4th Qtr FY 1997 (Mir-7) research program will be conducted on a continuous basis on board Mir during this period, and
Actual: September 1997 NASA will have a U.S. astronaut on board Mir throughout the period.

NASA/ Mir-8 Launch Same as above.

Plan: 2nd Qtr FY 1998

NASA/ Mir-9 Launch Same as above.
Plan:  3rd Qtr FY 1998
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ACCOMPLISHMENTS AND PLANS

Research Projects

The Human Research Facility (HRF) activities have included modifications to existing flight hardware during FY 1997. New
hardware has also been developed as a result of payload re-evaluation and new technology inclusion, but it was determined that no
prime contracts for major hardware development were necessary for this activity. HRF has relied upon its in-house contractor for
hardware engineering and development support. In FY 1998, there will be a Critical Design Review (CDR)for rack 1 of the HRF, and
this rack will be delivered to KSC in FY 1999 to be flown on UF-1.

A Memorandum of Agreement (MOA)was developed during FY 1997 between the JSC Space and Life Sciences Directorate and the
ISS Payloads Office which will permit the sharing of hardware and research between the HRF and the Crew Health Care Subsystem
(CHeCS). CHeCs will provide for medical care for the ISS crew following deployment of the U.S. Laboratory module in 1999, and will
provide operational exercise, countermeasures and environmental monitoring aboard the ISS. As a result of this MOA, which is
scheduled to be signed in FY 1998, hardware commonality between CHeCS and the HRF was evaluated, and the efficiency and cost

savings of the two programs was maximized.

In FY 1997, the Gravitational Biology and Ecology program proceeded with definition studies of the Gravitational Biology Facility
(GBF). This facility underwent a mid-year replan in order to reduce budget requirements, take advantage of new technology, and
continue to meet requirements of the user community. This replan was approved by both NASA Headquarters and the ISS Program
Office, and development of this facility has resumed. This facility will contain cell culture units (CCUs), plant research units (PRUs),
advanced animal habitats, aquatic habitats, egg incubators, and insect habitats. A preliminary design review (PDR)was completed
for the habitat holding rack in FY 1997,and a CDR will occur in FY 1998. The GBF cell culture unit will accomplish a PDR in FY
1998.

During FY 1997,an agreement in principal was signed with NASDA to build the Centrifuge Facility (CF)and the Life Sciences
Glovebox (LSG). In addition to the NASDA developments, the project will continue work on in-house hardware development and
test-bedding at Ames Research Center (ARC) ARC is also proceeding with science requirements definition. The CF project
continues to support science studies to evaluate and improve upon hardware designs and configurations. A preliminary
requirements review (PRR)will occur in FY 1998 for the LSG and in FY 1999 for the CF.

The Microgravity Research program activities for ISS consist of planning and integration activities, developing operations support

procedures, and developing experiment unique research hardware for the ISS. The Microgravity Research program has continued

the definition, design, and development of its Space Station facilities to meet its long-term program goal to deploy several multi-user
facilities specifically designed for long-duration scientific research missions aboard the ISS. To prepare for microgravity operations
on the ISS, work continues to define operational requirements and develop telescience techniques. A redefinition and restructuring
of the Space Station Furnace Facility has been conducted during FY1997, and a redesigned facility designated the Materials Science
Research Facility (MSRF)has been proposed. The MSRF design allows greater research flexibility, the incorporation of new furnace
technology, and earlier research utilization during the Station assembly sequence. A requirements assessment review for the MSRF
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will be conducted in FY 1998. The ESA-developed Microgravity Science Glovebox will be shipped to KSC in FY 1999 to be launched
in FY 2000.

In FY 1998, the Fluids and Combustion Facility (FCF)will complete a hardware concept review for the integrated facility. The
Combustion Integrated Rack will accomplish a PDR in FY 1998and a CDR in FY 1999. A PDR will also be completed for the Fluid
Integrated Rack in FY 1999.

During FY 1998,NASA's commercial research programs for the 1SS will continue to concentrate on commercial protein crystal
growth, where the intent will be to increase the number of samples that can be processed in a given volume, to monitor and control
growth conditions, and to develop a new generation of thermal enclosures for crystal growth. NASA's commercial protein crystal
growth activities for ISS are underway at the Center for Macromolecular Crystallography. NASA's FY 1998 commercial research
programs for ISS will also emphasize plant growth research, where the activities of the Wisconsin Center for Space Automation and
Robotics, the Center for Bioserve Space Technologies, and their industrial affiliates will use ISS to develop heartier and more
resistant plant products and to attain pharmaceutical advances using plants.

The Stratospheric Gas and Aerosol Experiment (SAGEI1]) is scheduled for flight in FY 2002 and will take advantage of both solar
and lunar occultations to measure aerosol and gaseous constituents of the atmosphere. Instrument subelement fabrication
continued throughout FY 1997 with no major problems. As part of the ESA Early Utilization Agreement, ESA has agreed to provide
a hexapod pointing platform for SAGE I1I which will provide the 1 degree of pointing accuracy required by the payload. Delivery of
the SAGE 11I flight instrument is scheduled for the first quarter of FY 1999, for launch on UF-4 in Fy 2002.

Utilization Support

In FY 1997, a decision was made to defer full payload operations support capability to the UF-3 time frame consistent with Space
Station funding priorities for FY 1998. Requirements for initial operations capability (I0CJ in the POIC, PDSS, PPS, and Payload
Training Center (PTC) were developed to support UF-1and UF-2. The payload integration and operations processes were negotiated
with the International Partners and definition of UF- 1and UF-2 payload specific requirements and plans began. Payload training
plans and simulator requirements were defined for the UF-1 and UF-2 payloads, and the first two STEP units were delivered to
payload developers.

The payload engineering integration and software integration functions were moved from the Boeing-Huntsville contract to the
Boeing Prime contract atJSC in FY 1997 This change was made to improve efficiencies in the integration of payloads to the Space
Station vehicle and to ensure the Prime contractor is accountable for the performance of the Space Station including the services
and interfaces provided to payloads. This contractual change enabled the completion of the Pressurized Payload Interface
Requirements Document (IRD) in FY 1997. The IRD is a critical document for payload hardware development. The Payload Data
Library (PDL)initial data set development will be completed in FY 1998. The Payload Rack Checkout Unit (PRCU)development was
delayed due to late software delivery from the Space Station vehicle. The first PRCU will now be delivered in FY 1998. Payload
integration for UF-1 and UF-2 payloads has begun, including development of preliminary ICDs and Payload Integration Agreements
(P1As) for payloads.
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In FY 1998, development of the initial operations capability to support UF-1and UF-2 by the POIC, PDSS, PDL, PTC and PPS
continues. The support communications services for the POIC/PDSS will be put in place, enabling connectivity between the POIC
and remote payload investigators. PPS Build 1test and integration will be completed and flight product development for the UF-1
and UF-2 payload complement will begin. The UF-1 and UF-2 payload unique ICDs and verification plans will be completed and the
PIAs will be baselined.

In FY 1999, the Huntsville Operations Support Center (HOSC)will be declared operationally ready to support UF-1and UF-2
payload operations. Many of the UF-1and UF-2 flight products will be completed and integrated with the systems operations
products. The first payload crew will begin training for the UF-1 and UF-2 mission and the integrated engineering and operational
assessments will be performed for the UF- 1 and UF-2 payload complements. Development will continue on the final operations
capabilities of the PDSS, PPS, and PTC to support the UF-3 mission.

In FY 1997,the MSL Spacelab mission successfully demonstrated operations of science payloads on orbit using EXPRESS rack
hardware, software, and command protocols. Fabrication and testing of the first EXPRESS rack to fly on the ISS will begin in FY
1999. The first EXPRESS rack is planned for launch on an assembly flight in early FY 2000. In FY 1999 the first flight racks will be
shipped to KSC for the UF- 1 flight. A total of 10 “suitcase” EXPRESS rack interface simulators are being fabricated for use by
EXPRESS payload developers. The first two simulators were completed in the first quarter of FY 1998. All 10simulator units will
be delivered to payload development sites in FY 1998. EXPRESS Rack trainer units will be completed in the first quarter of FY
1999. These units will be used for procedure development and crew training to support the UF-1and subsequent flights.

During FY 1997, the design requirements for the EXPRESS pallet were completed and approved at the Systems Requirement
Review (SRR).An implementing arrangement was signed in October 1998 to transfer development responsibility for the EXPRESS
Pallet to the Brazilian Space Agency. EXPRESS Pallet engineering integration, payload software verification, and on-orbit operations
will remain the responsibility of NASA. A Joint Management Plan for pallet development is being prepared and will be complete in
the second quarter of FY 1998. A PDR for the pallet is scheduled for the fourth quarter of FY 1998, for a first flight in FY 2002 on

UF-4.

The Window Observational Research Facility (WORF) for the U.S. Laboratory module completed Phase A conceptual studies in FY
1997 and conducted a Preliminary Requirements Review (PRR)in the first quarter if FY 1998. The PDR and CDR for WORF are
scheduled in FY 1998, with flight hardware delivery in FY 1999 to support the UF- 1 Station flight in FY 2000. Installation of the
optical quality window glass in the U.S. Laboratory module is scheduled for the third quarter of FY 1998. In October 1998, as part
of its arrangement with NASA, the Brazilian Space Agency has committed to provide WORF Block 1I.

Mir Support (includingMir Research)
In FY 1997, three more Space Shuttle-Mir missions were flown, which included three Spacehab double modules. American

astronauts spent 12 months aboard Mir conducting research and gaining more long-duration space flight experience. On the
seventh Mir mission (STS-86), an EVA was performed to remove external experiments from the docking module and install the NASA
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Optical Properties Monitor experiment. The program continues to use the Mir research program to further study the physiological
and behavioral changes that occur during long-duration space flight. The Mir research program in FY 1997 provided U.S.
extramural investigators with continuing opportunities to conduct plant and animal investigations, including the second and third
Biorack flights.

While staying on board the Mir, U.S. astronauts conducted microgravity, fluid physics and combustion research, and life science
experiments. Astronauts have concluded two successful plantings and harvest of dwarf wheat with biomass production far
exceeding that of any other comparable experiment with plants in space. Also, the duration of in flight tissue culture experiments
has been expanded from 2 weeks to over 3 months, demonstrating the ability to support the growth of normal tissues over a
prolonged interval.

The microgravity hardware on Mir includes the glovebox, the microgravity isolation mount (MIM) (in collaboration with Canada),and
biotechnology hardware to support protein crystal growth and tissue culture growth. The space acceleration measurement system
has continued to collect and record data to characterize the Mir microgravity environment and support the microgravity experiments
manifested on Mir.

To take maximum advantage of the NASA/Mir opportunity, Space Shuttle flights to Mir were used to develop new technologies for
life support and enhance capabilities for on-orbit environmental monitoring. In the life support area, urine processing, water
processing, and atmospheric revitalization hardware flight experiments were conducted. In-house and off-the-shelf designs for
water and air quality testing and for crew restraints during medical procedures were also utilized. Four of these life support and
environmental systems experiments were launched in FY 1996, with remaining experiments launched in Fy 1997.

During FY 1998,two Shuttle flights to Mir will be flown which will include a Spacehab double module and a single module.
American astronauts will spend 8 months aboard Mir conducting research. An EVA will be performed to remove the Optical
Properties Monitor experiment from the outside of Mir. It is anticipated that the Mir Phase 1 program will be completed with the
ninth Shuttle flight to Mir in May 1998. The Life Sciences and Microgravity research programs will continue science investigations
aboard Mir through FY 1998. Life Sciences expects to conclude its participation in the Mir research program with a successful suite
of research and development results in human physiology and behavior and in animal and plant biology.
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HUMAN SPACE FLIGHT
FISCAL YEAR 1999 ESTIMATES
BUDGET SUMMARY
OFFICE OF SPACE FLIGHT U.S./RUSSIAN COOPERATION AND PROGRAM ASSURANCE
SUMMARY OF RESOURCES REQUIREMENTS

Page
Fy 1997 FY 1998 FY 1999 Number
(Thousands of Dollars)
Russian Space Agency contract SUPPOIT .everrrerrersreneens 100,000 - -~ HSF2-1
Russian Program ASSUFANCE .uuuviiiiimrereesissisneeesssssssnsesessans 200.000 50,000 -- HSF 2-1

Total.. .o 300,000 50,000 - -

Distribution of Proeram Amount bv Installation

JOhNsSOoN Space Center .. 297,200 50,000 --
Kennedy Space Center ...cccceeivvviivcvininnnnnreernenis s 2,400 -- --
Marshall Space Flight Center ........ccovveiiiiiiiee e 300 -~ --
Goddard Space Flight Center....coccccvviiiiinessnineeee e 100 -- --

Total....coooi 300,000 90,000 --

PROGRAM GOALS

In FY 1997,the U.S./Russian Cooperative Program budget line item was discontinued, and a new budget line item entitled,
U.S./Russian Cooperation and Program Assurance, was established. This budget line item has two parts, U.S./Russian
Cooperation (Russian Space Agency contract support) and Russian Program Assurance {(RPA). The RPA budget was established in
response to the concerns of the U.S. Government over the impact of the Russian Government's fiscal problems on meeting their
commitments. Thiswas highlighted by the slippage of the Russian service module (SM) from May 1998to December 1998. The
U.S. developed a contingency plan and initiated specific developments in the event of further Russian delays or shortfalls. The
United States (U.S.) and the Russian Federation have underway a three-phase joint cooperative space program to accomplish five
major goals. First, the program permits us to develop, maintain, and enhance capabilities and operations to allow humans to live
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and work continuously in space. Second, by establishing a relationship with Russia as an international partner for the human
exploration and exploration of space, the United States can reduce the cost of future U.S. space initiatives by applying Russian-
developed technology. Third, by flying Space Shuttle missions to the Russian Mir, the United States can enhance its understanding
of long-duration operations, and gain life sciences and microgravity research benefits from long-duration experimentation. Fourth,
and of considerable importance, early cooperation with the Russians permits us to develop common systems and operating
procedures which will increase the probability of success and mitigate risks in the design, assembly, and operation of the
International Space Station (ISS) in which they are a full partner. Finally, this relationship between the U.S. and Russian space
agencies advances U.S. national space programs as well as U.S. aerospace industry.

The RPA provides contingency planning funds to address ISS program requirements resulting from delays on the part of Russia in
meeting its commitments to the ISS program. The first step in the contingency plan is to protect against a potential further delay in
the SM. The ISS program is purchasing, from the U.S. Naval Research Laboratory (NRL), an interim control module (ICM} to provide
attitude control and reboost functions for continuation of the ISS assembly sequence in case the Russian SM is launched later than
December 1998. The NRL's ICM will be prepared for a February 1999 launch and will be attached to the back of the Russian-built
functional cargo block (FGB). If the SM is launched in December 1998, the ICM will be reconfigured to be attached to the SM. The
ICM would then be able to dock to the back of the SM in 1999to back up any shortfall of Progress fuel resupply vehicles.

STRATEGY FOR ACHIEVING GG

The Russian Space Agency (RSA) contract provides services and hardware for Phase | and selected Phase II activities related to the
ISS program. Phase | of the program expands thejoint participation by U.S. and Russian crews in Mir and Space Shuttle
operations. This expanded program uses the unique capabilities of the Space Shuttle and the Russian Space Station Mir and
provides support for nine flights to Mir, including seven long-duration stays of U.S. crew. Phase | provides valuable experience and
test data which will greatly reduce technical risks associated with the construction and operation of the ISS and provides early
opportunities for extended scientific and research activities. The Russian Space Station's capabilities have been enhanced by
contributions from both countries, The Space Shuttle has delivered new Russian-built solar arrays to replace existing arrays on
Mir, and one of these new arrays uses solar cells provided by the U.S. Russia has launched the Spektr and Priroda modules to its
station, equipped with U.S., Russian, and other international scientific hardware to support science and research experiments. In
1996, NASA exercised options to add an eighth and ninth shuttle flight to Mir. These additional flights will assist Russia in meeting
its commitment to deliver key elements used in the early assembly of the ISS and will permit additional NASA astronauts to perform
long-duration missions on Mir. The eighth and ninth Mir flights will use the Space Shuttle to reduce a significant logistics shortfall
on Mir, conduct vital engineering research and expand our knowledge and experience of the effects of long-duration weightlessness.
In addition, these extended Mir operations will assist Russia in its objective to extend the Mir on-orbit lifetime through FY 1999.
This approach takes into account thejoint U.S./Russian interest in continuation of the Shuttle/Mir program, while minimizing
changes to the ISS development plan.

During Phase |, the RSA provides management, Mir lifetime extension, Mir capabilities expansion, docking hardware and mission

support for both long-duration and short-term, joint missions. Management activities include project documentation, and program
and subcontract management. Mir lifetime extension includes system requirements planning, communication and control systems
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analyses and upgrades, thermal control documentation and requirements definition, environmentally closed life support system
(ECLSS)upgrades, power supply system upgrades, and propulsion systems documentation. To expand Mir capabilities, Spektr and
Priroda modules were attached to the Mir for scientific use by Russia and the U.S.

Phase Il combines U.S. and Russian hardware to create an advanced orbital research facility with early human-tended capability.
This facility will significantly expand the scientific and research activities initiated in Phase I, and will form the core of the ISS.
Selected Phase II activities in the contract develop the systems capabilities, support, and other infrastructure to complete the ISS.
Under a fixed-price contractual arrangement with NASA, the RSA furnishes supplies and/or services to enhance Mir operational
capabilities, perform joint space flights, and conduct joint activities which will assist in the design, development, operations, and
utilization of the ISS. During this phase, the RSA also provides management, advanced technology, associated analyses, and 1SS
elements. ISS elements include: requirements definition of ajoint airlock and delivery of androgynous peripheral docking system
(APDS)hardware: service module modifications: FGB energy block modifications: delivery of repress/depress pumps for the airlock:
and study and documentation related to a scientific power platform.

The RPA program has two primary components. First, modifications are being done to the FGB, an element purchased from Russia
and owned by the U.S. The FGB is the first piece of Station hardware to be launched. These modifications enhance the FGB's
propulsion control capabilities and make it refuelable. Second, the development of an interim control module (ICM) is being pursued
to ensure that sufficient attitude and reboost capability is available if required in the assembly sequence. The ICM is being built by
the NRL. The FGB modifications and the ICM addition will enable the on-orbit configuration to be safely maintained even if the
Russian service module is delayed for up to an additional year beyond the Space Station Control Board baselined launch date of
December 1998. Other RPA activities include purchase of docking adapters and SM flight support equipment from RSA, airlock
modifications, O* compressor for the Airlock, and other related ICM tasks.

MEASURES OF PERFORMANCE

Delivery of passive docking Delivery of two passive docking mechanisms (Passive 1 and 2), associated avionics, control
mechanisms panels. and documentation to support Phase Il Space Shuttle flights to the ISS.
Plan: 1* Qtr FY 1996,
3" Qtr FY 1997
Actual: Jan 1997
July 1997

ICM PDR NRL and ISS program office held a preliminary design review (PDR) for the ICM.
Plan: April 1997
Actual: April 1997

Delivery of docking mechanisms  Delivery of docking mechanisms (APDS# 2, 3, 4), associated avionics and control panels for

Plan: I, 2™ 3™ Qtrs. 1SS/Shuttle.
FY 1998
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Deliver APDS # 1
Plan: 3™ Qtr 1997
Actual: Jul 1997

ICM CDR
Plan:
Actual:

December 1997
December 1997

SM Launch
Plan: December 1998

FDRD Completed
Plan: February 2, 1998

Phase I GSR

Plan: March 1, 1998
Phase 11 FSR
Plan: April 5, 1998

Cargo Integration Review (CIR)

Plan:  April 21, 1998
APAS Delivery
Plan: June 30, 1998

Phase 11l GSR
Plan: October 27, 1998

Stage Integration Review
Plan: November 2, 1998

Phase 11l FSR
Plan: November 3, 1998

ICM Ship to KSC
Plan: December 10, 1998

Delivery of docking mechanism (APDS# 1), associated avionics and control panels for
ISS/Shuttle

NRL and ISS program office completed the critical design review (CDR) for the ICM

The SM will be launched as part of the ISS Revision C Assembly Sequence

Flight design requirements document (FDRD)baseline established in order to allow Shuttle to
begin flight design processes

Phase 11 ground safety review (GSR) at KSC

Phase II flight safety review (FSR) at JSC

Review of cargo element with Shuttle Program

Delivery of the androgynous peripheral attachment system (APAS,a docking mechanism) from
Energia

Phase 111 ground safety review at KSC

Stage integration review

Phase I flight safety review at JSC

Begin launch processing, ground operations at KSC
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ICM Launch Planned launch date if Russian service module is delayed
Plan: February 17, 1999

ACCOMPL I SHMENTS AND PLANS

RSA contract deliverables paid in FY 1997 were based on a total of 106 achieved milestones. Some of the major activities conducted in

FY 1997 included Stage 2 crew training and crew medical support, delivery of ground support equipment, continued implementation of the
integrated science plan, delivery of three docking mechanisms, delivery of astronaut consumable supplies, and development and modifications
to the service module. During FY 1997, American astronauts were continuously aboard Mir conducting scientific research. Funding for the
original $400 million RSA contract under the U.S./Russian cooperative program concluded in FY 1997. However, some milestones, such as
delivery of three docking mechanisms, two long duration missions and two Shuttle docking missions to the Mir, will occur in FY 1998.

With the $200 million in FY 1997 funds reallocated from within the Human Space Flight account, funds were sent to NRL to begin the
development and build of the ICM. A PDR was accomplished in April 1997. FGB performance modifications and work on the 02 compressor
for the airlock were initiated. A modification to the RSA contract was negotiated for the purchase of docking adapters for the ICM.

In FY 1998, RPA funding provides for: continuation of FGB performance modifications, airlock modifications, O° compressor for the airlock,
and production of SM flight support equipment and docking adapters for the ICM. The ICM production will be completed, and the hardware
delivered to Kennedy Space Center (KSC). Activities associated with integrating and launching the ICM are: mission operations, engineering,
Shuttle, KSC operations, GSFC quality assurance support, MSFC program and technical support, production of wet and dry mockups, and
outfitting for crew training.
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HUMAN SPACE FLIGHT

FISCAL YEAR 1999 ESTIMATES

BUDGET SUMMARY
OFFICE OF SPACE FLIGHT SPACE SHUTTLE
Page
FY 1997 FY 1998 FY 1999 Number
(Thousands of Dollars)
Safety and performance upgrades. ....ccccccveverienssensseessnenns 496,000 553,400 571,600 HSF 3-5
Shuttle OpPerations ..o icccccccsrrrrr 2.464.900 2,369,400 2,487,400 HSF 3-20
TOtal.. coeeii i ——————_——— 2.960.900 2.922.800 3.059,000
Distribution of Program Amount bv Installation
JohnNson SPace CENLEN ..uvvviiicccrerrren s ccrnrrre e sarnre e 1,473,600 1,574,500 1,685,800
Kennedy Space CEeNLEN ....ccccreeerriesssinnrreee s s sssssnneseesssssssnnns 142,900 160,000 227,800
Marshall Space Flight Center ....cvicsersieerssessseesssseenns 1,276,500 1,136,400 1,096,200
Stennis SPace CENEN, iiiiciinrrrer s ssssssrrree s e nnrreesseeas 50,500 42,700 40,200
Dryden Flight Research Center.. ...ccccciccersieessseessssesssseninne 5,400 5,600 6,000
Langley Research Center.. .o veeniisineeesissssneesssssnenessensnns 1,000 - --
Lewis Research Center ....ceimninssnsssssssseesns 800 -- --
Goddard Space Flight Center. ...cccccvicienrcceenscieensccnees e, 500 - --
Jet Propulsion Laboratory ......cccccreensccsinneesssssssseesssenanns 2,100 -- --
HEadQUAIEIS wuuvereeerererererererernrnrnrnrnsnsnsnsnsssssnsnsnsnsnsnsnsnnnsnnns 7.600 3.600 3,000
TOtal.. e ———————— 2.960.900 2.922.800 3.059,000

GENERAL

The Space Shuttle budget is divided into two categories: Safety and Performance Upgrades (S&PU) and Shuttle Operations. Itis
distributed to the various program elements through the four Human Space Flight Centers and the Dryden Flight Research Center.
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The Space Shuttle program provides launch services to a diversity of customers, supporting payloads that range from small hand-
held experiments to large laboratories. While most missions are devoted to NASA-sponsored payloads, wide participation is
exercised by industry, partnerships and corporations, academia and other national and international agencies. Both NASA and the
U.S. and international scientific communities are beneficiaries of this approach. The Space Shuttle is a domestically and
internationally sought-after research facility because of its unique ability to provide on-orbit crew operations, rendezvous/retrieval,
and payload provisions, including power, telemetry, pointing and active cooling.

The Space Shuttle services numerous cooperative and reimbursable payloads involving foreign governments and international
agencies. The focus of international cooperation, for which the Space Shuttle is uniquely suited, will be the assembly and
operational support of the International Space Station (ISS)beginning in FY 1998.

The Space Shuttle program participates in the domestic commercial development of space, providing flight opportunities to NASA's
Centers for Commercial Development of Space. These non-profit consortia of industry, academia, and government were created to
conduct commercially applied research activities by encouraging industry involvement leading to new products and services through
access to the space environment. Over 6 payloads with numerous experiments have been developed through these consortia and
were flown in FY 1997. Cooperative activities with the National Institute of Health (NIH), the National Science Foundation (NSF),the
Department of Defense and other U.S. agencies are advancing knowledge of health, medicine, science, and technology. Space
Shuttle support for the flight of Neurolab in FY 1998, a major cooperative NASA-NIH program, is a prime example.

PROGRAM GOALS

The Space Shuttle program is safely flying more flights at less cost per flight than ever before in the history of the program. The
restructuring activities of the past six years have resulted in dollar savings of 31% by FY 1997, equating to 37% less workforce since
FY 1992. Reliability has improved and since FY 1994, 27 missions have been launched within the first five minutes of the launch
window, an 87% success rate. In addition, after 86 successful missions, a significant reduction in operational requirements is
continuing. Consolidation of contracts to a single prime contract is progressing successfully since the award of the Space Flight
Operations Contract (SFOC)on October 1, 1996. Phase II of the transition is now underway, with the first production hardware
contracts (Solid Rocket Booster and External Tank) transferring into SFOC in FY 1998. The total transition is scheduled to be
complete by FY 2000.

In FY 1996, the White House, through NASA, commissioned the Aerospace Safety and Advisory Panel (ASAP)to conduct a six-month
review to assess if the Space Shuttle program was continuing to operate safely during downsizing activities. On December 13, 1996,
the ASAP released their findings that, indeed, efforts to streamline the Space Shuttle Program has not increased risks. The panel
did include 22 recommendations, mostly associated with maintaining a skilled, experienced, and motivated workforce especially
during International Space Station assembly. To date, all recommendations have been addressed (with one recommendation
regarding maintenance of critical skills at KSC, which remains an ongoing, annually-reviewed item).

The Space Shuttle continues to prove itself to be the most versatile launch vehicle ever built. This has been demonstrated by: (1)
performing rendezvous missions with the Russian Space Station Mir; (2)advancing life sciences and technology through long-
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duration Spacelab and Spacehab missions: and (3)repairing and servicing the Hubble Space Telescope, enabling discovery of new
astronomical events. The Space Shuttle has also performed rescue and retrieval of spacecraft, and is preparing for the challenge of
assembly of the International Space Station.

The primary goals of the Space Shuttle program are in priority order: (1)fly safely: (2) meet the flight manifest: (3)improve
supportability, and (4)reduce costs. The third priority was added in FY 1997 in recognition that the Space Shuttle must be capable
of supporting agency launch requirements for the foreseeable future. The “freezedesign” decision of the FY 1995 Restructuring Plan
was reversed and an upgrade program has been added.

The program’s goals are reflected in decisions regarding program requirements, programmatic changes and budget reductions. The
flight rate for the program continues to be budgeted at an average of seven flights annually with a surge capability to eight flights.
FY 1997 had eight flights, with six flights planned for Fy 1998. FY 1999 and FY 2000 are eight-flight years with the addition of the
Shuttle Radar Topography Mapping (SRTM) Mission, ajoint DOD/NASA mission, and two science missions. This manifest supports
the Nation‘sscience and technology objectives through scheduled Spacelab, Spacehab and other science missions, cooperative
missions to the Russian space station Mir, and commencement of assembly of the International Space Station.

In addition to flying safely, restructuring the program, and conducting a single prime consolidation, we are continuing the Safety
and Performance Upgrades program. This includes the completion of selected projects, termed “Phase I” upgrades, that are
designed to improve Space Shuttle safety and to improve payload-to-orbit performance by 13,000 pounds. This will allow the
Orbiter to achieve the orbital inclination and altitude of the International Space Station and support its assembly beginning in FY
1998. All the Phase | upgrades are on track to meet the performance requirements of the first Space Station assembly flight, STS-
88, in the 3rd quarter of FY 1998. “Phasell” upgrades have been added to the program that are required to assure mission
supportability into the next century.

Key elements of this budget request are: (1)the continued transition to a single prime contractor for space flight operations: (2)
initiation of new Phase Il upgrades: and (3)Orbital Maintenance Down Periods (OMDPs)to be conducted at Palmdale, California.

In the Space Shuttle’s FY 1998 Congressional request, a Phase I1I/IV portion of the Upgrade Program was envisioned. Since that
time, the Agency formed a Space Transportation Council (STC) to assess advanced transportation areas in both the Office of Space
Flight and the Office of Aeronautics and Space Transportation Technology. Technology need studies were conducted by the Space
Shuttle program in FY 1997 and FY 1998. In recognition of the value of close collaboration on the technology needs of future
reusable launch vehicles, lead responsibility has been consolidated within the Space Transportation Technology program. The
Space Transportation Council will provide management oversight and policy direction across the agency’s activities in this area.
Potential major Shuttle upgrades will be examined under the Future Space Launch industry-led trade studies described in the
Space Transportation Technology section. These studies will provide the basis for end-of-decade decisions by NASA and the
Administration on pursuing an operational launch system to reduce NASA’s launch cost.
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STRATEGY FOR ACHIEVING GOALS

The budget structure of the Space Shuttle program consists of two major components: Safety and Performance Upgrades, and Space

Shuttle Operations. Safety and Performance Upgrades provide for modifications and improvements to the flight elements and
ground facilities, including expansion of safety and operating margins and enhancement of Space Shuttle capabilities as well as the
replacement of obsolete systems. Shuttle Operations including hardware production, ground processing, launch and landing,
mission operations, flight crew operations, training, logistics, and sustaining engineering. In addition, this budget includes funding
for facilities related to the Space Shuttle.

The Space Shuttle program’s strategy for the Safety and Performance Upgrades budget is to fund those modifications and
improvements which will provide for the safe, continuous, and affordable operations of the Space Shuttle system for the foreseeable
future. This is an essential element of the launch strategy required for continuing operations supportability of the International
Space Station.

The overall strategy for the Shuttle Operations budget is to request funding levels sufficient to allow the Space Flight Operations
Contract to meet the intended flight rates, including appropriate contingency planning in both budget and schedule allowances to
assure transportation and assembly support to the Space Station program, while at the same time incentivizing the contractor to
identify opportunities for reductions in operations costs while still ensuring the safe and reliable operation of the Space Shuttle.
The continued transition of activities to the Space Flight Operations Contract represents a key element of this strategy.

HSF 2



BASIS OF FY 1999 FUNDING REQUIREMENT

SAFETY AND PERFORMANCE UPGRADES

Orbiter iMProvemMEeNts ....uicccccieerrernissssssserreesssssssssssesesssssnns
Multifunction-electronic display system .....cccvvensennnne
Other orbiter iMpProvements.. ...ccccvcceerssseessssesssssesssssenss

[Supportability Upgrades] [included above]..........c........

Propulsion UPGrades ...cccccsseerreesnnsiesssssssssneeessssssssssnnns
Space shuttle main engine upgrades.. ..ireensessessenns
[Alternate Turbopump program]. ...,
[Othermain engine upgrades] .ccccerserssnessssessseesnsenss
Solid rocket booster improvements ......cccvcvvrenseesessennnns
Super lightweight tank ..o e

Flight operations & launch site equipment upgrades.. ........
Flight operation upgrades.. ....ovcseenrnsnesssssneessssseessnsnees
Launch site equipment Upgrades .....ccccvvversersseesseessnesnns
[Supportability Upgrades] .cccccccveeerinseeessssssresssssseessssnnens

Construction oOf fACIlItIES wueuvviiirerrssisirrerrrsssirrrerrssrerresns

GENERAL

FY 1997

159.900
15,900

144.000

{50,000]

202.800
196,000
79,6001
[116,4001
800
6,000

125,000
66,400
58,600

[20,000]

8,300

496.000

FY 1998 Fy 1999
(Thousands of Dollars)

232,500 234,800
31,100 5,500
201,400 181,300
(50,000} 48,000
176.000 175,700
170,700 172,800
[72,100] (63,7001
[98,600] [109,1001
3,500 2,900
1,800 --
138.100 153.500
70.600 38,500
67,500 115,000
(45,0001 [52,000]
6.800 7.600
553.400 571,600

The Safety and Performance Upgrade program is measured by the success it has in accomplishing the ongoing projects consistent
with approved schedule and cost planning, and also the effect these projects have on the overall operation of the Space Shuttle
System. Success depends on developing these projects and getting them implemented to help insure the Space Shuttle's safe

operation, and improve the reliability of the supporting elements.

The FY 1999 budget request includes activities in the following categories: Orbiter Improvements, Space Shuttle Main Engine
(SSME)Upgrades, Launch Site Equipment (LSE) Upgrades and Flight Operations Upgrades, as well as specific, Space Shuttle-
related Construction of Facilities. This budget also includes Supportability upgrades to develop more modern systems which will
combat obsolescence of vehicle and ground systems in order to maintain the program's viability into the next century. Vendor loss
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of aging components, high failure rates of older components, high repair costs of Shuttle-specific devices, and negative
environmental impacts of some out-dated technologies are areas to be addressed.

The following is a brief description of these activities.
Orbiter Improvements

The Orbiter improvements program provides for enhancements of the Space Shuttle systems, produces space components that are
not susceptible to damage, and maintains core skills and capabilities required to modify and maintain the Orbiter as a safe and
effective transportation and science platform. These activities are provided by contract arrangements with Boeing North American
(formerly,the Rockwell International Space Division)in two major locations in FY 1998: the Downey, California facility provides
engineering, manufacturing and testing: and the Palmdale, California operation provides Orbiter Maintenance Down Period (OMDP)
support as discussed below. Other activities that support this effort are subsystem management engineering and analysis
conducted by Lockheed-Martin Corporation and development and modifications required for support to the extravehicular capability
conducted by Hamilton Standard.

Orbiter Maintenance Down Period (OMDP)occurs when each Orbiter is taken out of service periodically for detailed structural
inspections and thorough testing of its systems before returning to operational status. This period also provides opportunities for
major modifications and upgrades, especially those upgrades that are necessary for improving performance to meet the International
Space Station operational profile.

Propulsion Upgrades

The main engine safety and performance upgrade program is managed by the Marshall Space Flight Center (MSFC)and supports
the Orbiter fleet with flight-qualified main engine components and the necessary engineering and manufacturing capability to
address any failure or anomaly quickly. The Rocketdyne Division of the Boeing North American Corporation is responsible for
operating three locations that provide engine manufacturing, major overhaul, components recycle and test. They are:

1) Canoga Park, Californiawhich manufactures and performs major overhaul to the main engines;
(2) Stennis Space Center (SSC), Mississippi for conducting engine development, acceptance and certification tests; and
(3) Kennedy Space Center (KSC), Florida where the engine inspection checkout activities are accomplished at the KSC engine

shop.

Engine ground test and flight data evaluation, hardware anomaly reviews and anomaly resolution are managed by the Marshall
Space Flight Center (MSFC). The Alternate Turbopump project is also managed by the MSFC under contract with Pratt Whitney of
West Palm Beach, FL. The Super Lightweight Tank project is managed by the MSFC and is being accomplished by the Lockheed
Martin Corporation at the government-owned Michoud Assembly Facility (MAF)near New Orleans, LA.
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Flight Operations and Launch Site Equipment Upgrades

The major flight operations facilities at Johnson Space Center (JSC)include the Mission Control Center (MCC),the flight and ground
support training facilities, the flight design systems and the training aircraft fleet that includes the Space Shuttle training aircraft,
the T-38 aircraft and the Space Shuttle Carrier Aircraft (SCA). The major launch site operational facilities at KSC include three
Orbiter Processing Facilities (OPFs), two launch pads, the Vehicle Assembly Building (VAB), the Launch Control Center (LCC),and
three Mobile Launcher Platforms (MLPs). The most significant upgrade in this account is the Checkout and Launch Control System
at KSC.

Construction of Facilities

Construction of Facilities (CofF) funding for Space Shuttle projects is provided in this budget to refurbish, modify, reclaim, replace
and restore facilities at Office of Space Flight Centers to improve performance, address environmental concerns of the older
facilities, and to ensure their readiness to support the Space Shuttle Operations.

PROGRAM GOALS

NASA policy planning assumes the Space Shuttle will need to be capable of supporting the critical transportation requirements for
the assembly of the Space Station and perhaps through 10years of Space Station operations. In order to maintain a viable, human
transportation capability that will operate into the next century and support NASA's launch requirements, specific program
investments are required. These investments are consistent with NASA's strategy of ensuring the Space Shuttle remains viable until

a new transportation system is operational.

STRATEGY FOR ACHIEVING GOALS

This budget provides funds required to modify and improve the capability of the Space Shuttle to ensure its viability as a safe,
effective transportation system and scientific platform. It also addresses increasingly stringent environmental requirements,
obsolescence of subsystems in the flight vehicle and on the ground, and capital investments needed to achieve reductions in
operational costs. Work continues on the Alternate Fuel Turbopump and new Large Throat Main Combustion Chamber (LTMCC)for
the planned introduction of the Block II Space Shuttle Main Engine (SSME). Block I1A engines will fly in mid FY 1998 and Block 11

in early FY 1999.

The major safety and performance upgrades and their initial flight dates are listed on the following chart on the next page.

MEASURES OF PERFORMANCE

The Safety and Performance Upgrade program is measured by the success it has in accomplishing the ongoing projects consistent
with approved schedule and cost planning. Success depends on developing/implementing these projects and to heip ensure the

HSF 3-7



Space Shuttle's safe operation, improve the reliability of the supporting elements, and improving efficiencies to reduce operational
costs. This budget addresses all elements of the Space Shuttle program and is managed through an approval process that ensures
that new projects are evaluated, approved and initiated on a priority basis, and that existing projects meet established cost and
schedule goals. Significant milestones are listed below:

Orbiter Improvements

Multifunction Electronic-Display Svstem (MEDS) - MEDS is a state-of-the-art integrated display system that will replace the current
Orbiter cockpit displays with an integrated liquid crystal display system.

Complete MEDS Software Completed MEDS Software development and verification.
Qualification

Plan:  1st Qtr FY 1997

Actual: 2 Qtr FY 1997

Complete MEDS Complete hardware qualification testing and start hardware integration and verification testing.
Qualification Testing
Plan: 1st Qtr FY 1996 The qualification program was extended through this date. No significant impact to initial operating

Revised: 1st Qtr FY 1998 capability is expected. Delay was due to change in glass supplier.

OV-104 Major MOD Installation and checkout of MEDS hardware in OV-104 at Palmdale
Plan: 2»d Qtr FY 1998
Actual: 2nd Qtr E 1998

MEDS Initial Operational First flight of a MEDS equipped Orbiter. (OV-104/STS-92)
Capability (I0C)
Plan: 2nd Qtr FY 1999

Global Positioning Svstem (GPS) - GPS will replace the current TACAN navigational system in the Orbiter navigation system when
the military TACAN ground stations will be phased out in the year 2000. The planned readiness date for the Space Shuttle's system
is FY 1999.

Complete GPS Preliminary Completion of System Requirements Review will allow design drawings to proceed toward Critical
Design Review (PDR) Design Review (CDR)

Plan: 2»d Qtr FY 1997

Actual: 20 Qtr FY 1997

Complete GPS System Completion of CDR will allow drawings to be released for production to proceed.
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Requirements Review
Plan: 2 Qtr FY 1997 Delay is due to the change from the original, single-string GPS, to the three-string GPS System.
Actual: 39 Qtr FY 1997

TACAN Removal Remove TACAN at Palmdale based on November 1997 go/no go decision.
Plan: 34 Qtr FY 1998

Orbiter Install Complete Installation and checkout of hardware on OV-104 at Palmdale.
Plan: 4t Qtr Fy 1998

Complete GPS operational Initial operation of GPS without TACAN system.

capability

Plan: 27 Qtr FY 1999

Orbiter Maintenance Down Periods

Initiate Atlantis (OV-104) Conduct routine maintenance and structural inspection. Also install an external airlock, the MEDS
OMDP upgrade, and hardware for 3-String GPS capability.

Plan: 1st Qtr Fy 1998
Initiate Columbia (OV-102) Conduct routine maintenance and structural inspection. Also, install the MEDS upgrade and
OMDP hardware for 3-string GPS capability.

Plan: 1st Qtr Fy 1999
Propulsion Upgrades

Super Lightweight Tank - This performance enhancement is designed to provide 7,500 pounds of additional performance for the
Space Shuttle to allow rendezvous and operations with the International Space Station. Developmentwas completed in FY 1997
with the successful proof test of the first unit.

Design Certification Review The Super Lightweight Tank will provide 7,500pounds of performance through incorporation of an
Plan: 3rd Qtr FY 1997 aluminum-lithium alloy in the external tank structure. Schedule revision was due to problems
Revised: 4th Qtr FY 1997 encountered in welding aluminum lithium.

Deliver first SLWT to KSC Final assembly and checkout will be conducted at the Michoud Assembly Facility (MAF) in New
for flight Orleans, Louisiana. Schedule revision was due to need to perform multiple proof tests to verify
Plan: 4th Qtr FY 1997 welds.
Revised: 2nd Qtr FY 1998
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Space Shuttle Main Engine Safety Improvements - Introduction of Block | and Block II changes into the Space Shuttle's Main

Engine program will improve the margin of safety by a factor of two. The interim Block IIA configuration (Block | without the High-

Pressure Fuel Turbo Pump (HPFTP))implements the safety and performance margins provided by the LTMCC while the HPFTP
development problems are solved. The last Block 11A flight is planned for Fy 1999.

High Pressure Fuel
Turbopump Critical Design
Review (CDR)
Plan: 3 Qtr FY 1996
Revised: 2rd Qtr FY 1997
Revised: 1st Qtr FY 1998
Revised: 31 Qtr FY 1998

First flight of the Block 11
engine
Plan: 4th Qtr FY 1997
Revised: 1st Qtr FY 1998
Revised: 2nd Qtr FY 1998
Revised: 4th Qtr FY 1998

Completion of CDR will allow production to proceed for implementation of the Alternate Turbopump
high pressure fuel pump into the Block 11 Engine upgrade.

Revised due to testing delays

Opted for 11A configuration because of new HPFTP delays

Block II status under review at MSFC

The high pressure fuel turbopump will be combined with the LTMCC.
Revised due to testing delays

Opted for 11A configuration because of HPFTP delays.
Block II status under review at MSFC
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SPACE SHUTTLE PROGRAM SAFETY AND PERFORMANCE ENHANCEMENTS

HEDS STRATEGIC PLAN

Fiscal Year

1995

1996

1997

1998

1999

2000

2001

2002

Alternate Turbopump Development
-- Oxidizer Turbopump - First Flight

-- Fuel Turbopump - First Flight

Large Throat Main Combustion Chamber
- First Flight

{Super Lightweight Tank - First Flight

Main Engine Phase Il + Powerhead-
First Flight

Auxilary Power Unit- New Gas
Generator Valve - Ready for Flight

Multifunction Electronic Display System -
First Flight

7/95

7/95

7197

5/98

1/98

5/98

NET
12/98

1/99
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Flight Operations and Launch Site Equipment Upgrades- Upgrades to the Mission Control Center were completed in FY

1997 period which improved operations reliability and maintainability and also took advantage of the state-of-the-art technology in
displays and controls. In addition, upgrades continued in FY 1998 to the Launch Site Equipment at KSC will increase reliability

and reduce obsolescence.

Deliver first two Portable
Purge Units
Plan: 3" Qtr FY 1997
Actual: 3 Qtr FY 1997

CLCS Program Authority to
Proceed
Plan:  1st Qtr FY 1997
Actual: 1st Qtr FY 1997

First Launch Using CLCS
Plan: 1st Qtr FY 2001

Complete Migration of CLCS
to all Firing Rooms and
Simulators

Plan: 4t Qtr FY 2001

Construction of Facilities

Restore Firex Pumps and
Piping at LC-39

Complete Phase |
Plan: 3 Qtr. FY 97
Actual: 4t Qtr. FY 97

Start Phase 1l
Plan: 2nd Qtr. FY 96
Actual: 27 Qtr. FY 97

First units delivered and tested by user.

Revised due to delay in award of contract.

The Checkout and Launch Control System (CLCS)replace the 1970's Launch Processing System
(LPS). Began the formal process of CLCS design and acquisition.

Launch the first Shuttle from a CLCS - equipped Launch Control Center.

CLCS fully operational for flight support. This will result in a significant reduction in operating
cost, up to 50%, of the current LPS.

Restoration is needed. Pumps are currently inadequate to provide spray coverage during an
emergency.

This project replaced underrated firex loop piping and components, and provides fire protection at
Pads A and B. Additional work necessary to complete the associated controls including control
cable installation and termination on Pad B.

This project removes and replaces existing Firex pumps, motors, refurbishes diesels, and installs a

new underground pipe between the pump station and Pads A and B. Completion of this project
scheduled for the 34 Quarter of FY 1999.
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Replace Component
Refurbishment and Chemical
Analysis Facility at KSC

Complete Phase |
Plan:  1st Qtr. FY 97
Actual: 3 Qtr. FY 97

Complete Phase II
Plan: 4th Qtr. FY 97
Revised: 1st Qtr. FY 98

Complete SSME Processing
Facility at KSC
Plan: 2 Qtr. FY 98

Rehabilitation of 480V
Electrical Distribution System
at MAF

Start Phase |
Plan: 2 Qtr. FY 97
Actual: 2nd Qtr. FY 97

Start Phase 11
Plan:  1st Qtr. FY 98

Start Phase 111
Plan: 1%t Qtr. FY 99

Complete Pad B Fixed Service
Structure (FSS)Elevator at
LC-39
Plan: 4t Qtr. FY 97
Actual: 4t Qtr. FY 97

This facility was in non-compliance with OSHA standards and overcrowded and insulated with
asbestos.

Completing this effort in FY 1997 is earliest opportunity to comply with requirements during
cleaning and degreasing operations.

Complete activation of component refurbishment chemical analysis (CRCA)building.

Project provides for construction of an addition to the east end of the lower level of OPF-3 Annex to
provide shop area for SSME processing. The facility will allow for safely and efficiently processing
engines.

External Tank manufacturing building

Phase 1, Final Assembly Area Project will upgrade the power distribution system from below the
substation to the respective tools (Laborintensive project working over flight hardware). This phase
should be completed by the 2nd Quarter of FY 1999.

Phase 11, ET Sub-Assembly Area Project will upgrade the power distribution system from below the
substation to the respective tools. This phase should be completed in the 1st Quarter of FY 2000.

Phase 111, Substations 17A/ 17Bwill replace the core system, transformers, switch gear, breakers
and oil switches. Includes some cable, cable tray, and panel upgrades. This phase should be
completed in the 1st Quarter of FY 2001.

This project replaces the elevator cabs, cables and controls to eliminate severely deteriorated and
archaic equipment.
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Start Pad B Chiller This project replaces the aged facility chillers at Launch Complex 39, Pad B, and reconfigures the
Replacement at LC-39 system for more efficient maintenance. The planned completion date for this project is 2nd Quarter
Plan:  2nd Qtr. FY 97 of FY 1999.
Actual: 2nd Qtr. FY 97

Start Rehabilitation of High This project initiates the restoration of the High Pressure Industrial Water Plant to insure system
Pressure Industrial Water reliability in support of the Space Shuttle Main Engine testing. The planned completion date of this
System at SSC project is 2 Quarter of FY 1999.

Plan: 37 Qtr. FY 97

Actual: 1st Qtr. FY 97

Start Restoration of Pad A This project provides for repair and replacement of damaged Payload Change Out Room (PCR)wall
PCR Wall and Ceiling panels (Sides 1,2, 3, & 4), replacement or elimination of deteriorated and leaking access doors, and
Integrity at Launch Complex  other needed replacement and restoration. The modification will eliminate degrading flexducts and
(LC)-39 filter housings, improve pressurization of the PCR, provide an even distribution of air flow, and
Plan: 3 Qtr. FY 98 provide safe personnel access for maintenance and repair. This project is planned for completion in

the 1st Quarter of FY 2000.

Start Pad A Surface and Slope This project provides for repair of the Pad A surface concrete, pad slopes, and the crawlerway grid
Restoration at LC-39 path. This project is scheduled to be completed in the 1st Quarter of FY 2000.
Plan: 3 Qtr. FY 98

Start Repair of Pad A Flame This project provides for repair of the fire resistant surface of the Main and SRB flame deflector,
Deflector & Trench at LC-39 repair/replacement of damaged and corroded structural members, and repair/replacement of

Plan: 1st Qtr. FY 99 bricks in the Flame Trench wall. Plan completion date is 1st Quarter Fy 2000.
Start Pad A FSS Elevator This project modifies the elevator structural on Pad B, and refurbishes the elevator cabs, cables and
restoration at LC-39 cableway. Planned completion date is the 1st Quarter of FY 2000.

Plan:  1st Qtr. FY 99

ACCOMPLISHMENTS AND PLANS

A significant portion of the Safety and Performance Upgrades (S&PU) budget is dedicated to avoiding and preventing deleterious and
costly effects of obsolescence, especially at a time when the program is undertaking the challenge of reducing the costs of
operations. This portion of the budget contains projects that impact every element of the Space Shuttle vehicle. The S&PU budget
will continue to support the replacement of the Orbiters' cockpit displays with Multifunction Electronic Display System (MEDS),
replacing Tactical Air Command and Navigation System (TACAN)with Global Positioning System (GPS),upgrading the T-38 aircraft
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with maintainable systems, replacing elements of the launch site complex, upgrading major elements of the training facilities at
Johnson Space Center, testing of main engine components at SSC, testing of Orbiter reaction control systems at the White Sands
Test Facility, and replacing critical subsystems in the Kennedy Space Center facility complex.

In addition, this request includes funds for Shuttle Supportability Upgrades which will maintain availability of the Space Shuttle
fleet for the foreseeable future.

The Space Shuttle program rationale for supportability upgrades is founded on the premise that safety, reliability, and mission
supportability improvements must be made in the Shuttle system to continue to provide safe and affordable operations into the next
century. These will enable safe and efficient Shuttle operations during the Space Station era while providing a robust testbed for
advanced technologies and a variety of customers.

The Space Shuttle Upgrade activity will be planned and implemented from a system-wide perspective. Individual upgrades will be
integrated and prioritized across all flightand ground systems, insuring that the upgrade is compatible with the entire program and
other improvements. Selection of new upgrades through the review process approved by the Associate Administrator for Space
Flight, the Program Management Council (PMC)and the Administrator will be utilized. Implementation authority and responsibility
will be delegated to the Lead Center Director for the Shuttle Program with the Shuttle Program Manager and the projects. Space
Shuttle upgrades will be developed and implemented in a phased manner supporting one or more of the following program goals:

- Improve Space Shuttle system safety and/or reliability

- Support the Space Shuttle program manifest/Space Station
- Improve Space Shuttle system support

- Reduce Space Shuttle system operations cost

The phasing strategy will be coordinated with the Reusable Launch Vehicle (RLV) project management, and other development
projects, to capture common technology developments, while meeting the Shuttle manifest. This phasing strategy should allow the
incorporation of additional, more comprehensive upgrades to the Space Shuttle system while benefiting other programs and
technologies. Candidate upgrades in the initial phases will utilize state-of-the-art technology and provide safety/reliability,
supportability, and/or cost (improvement) advantages. Candidate designs in the initial phases would maintain the current Shuttle
mold lines and system/subsystem interfaces.

Orbiter Improvements

Orbiter improvements provide for modifications and upgrades to ensure compatibility of the Space Shuttle vehicles with the new
Space Station operational environment. Orbiter weight reductions have been identified where operating experience or updated
requirements allow selected items to be changed without impact to crew safety or mission success. The Orbiter weight will be
reduced by changing the exterior thermal protection materials on certain portions of the Orbiter, deleting portions of the Orbital
Maneuvering and Reaction Control Systems (OMS/RCS) that are no longer required, changing the material on the "flipper doors"
that provide a seal between the Orbiter wing and its control surfaces, and development of lighter weight crew seats for the cockpit.
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There were several improvements implemented in the Space Shuttle vehicle in FY 1997. In the Orbiter, fuel cell single cell
monitoring system was installed in response to fuel cell problems encountered during STS-83. The new monitoring system was
developed and implemented in the first Orbiter in less than four months. Other Orbiter improvements included new Digital
Autopilot (DAP)software designed to reduce fuel consumption in orbit, and new launch trajectory software to increase performance
margins and enable the deletion of the Bermuda tracking station for communications during launch. The Solid Rocket Booster also
received several upgrades designed to reduce the expense of recovering and refurbishing the boosters. Those upgrades include a
saltwater activated mechanism to release the parachutes, improvements to the parachutes themselves, and a modification to the aft
skirt brackets.

During FY 1997,Endeavor (OV-105)completed its OMDP and has reentered the fleet in time to fly STS-89in January 1998. In FY
1998, Atlantis (OV-104)will enter OMDP for normal maintenance, structural inspections, and will also be modified for docking with
the International Space Station.

The Multifunction Electronic Display System (MEDS)upgrade will replace the current Orbiter cockpit displays which are early
1970'stechnology. The current displays which provide command and control of the Space Shuttle are "single string" electro-
mechanical devices that are experiencing life related failures and are maintenance intensive. Difficulty in obtaining parts, some of
which are no longer manufactured, is becoming more prevalent. The MEDS upgrade is a state-of-the-art, multiple redundant liquid
crystal display (LCD) system. MEDS will enhance the reliability of the cockpit display system, resolve the parts availability problem,
and provide a much more flexible and capable display system for the crew. This upgrade will bring the Orbiter up to current aircraft
standards, benefiting the training of new astronauts directly. Secondary benefits of MEDS are reductions in the Orbiter's weight
and power consumption. The MEDS upgrade includes the design effortand production of modification kits for the four Orbiter
vehicles. New MEDS ground support hardware is also being designed. When procured and installed it will upgrade the appropriate
simulators, test equipment, and laboratories. MEDS will be installed in the Orbiters and tested during the planned OMDPs,
beginning with the FY 1998 OV-104 OMDP.

Expansion of the effort to replace the Orbiter's TACAN landing navigation system with the Global Positioning System (GPS)began in
FY 1995. This expansion will include an increased interaction of the GPS receiver with the Orbiter backup flight software, and
outfitting two more Orbiters with a GPS test receiver. A number of development flights will take place with increasing GPS
capability while still utilizing TACAN navigation. The first flight of a complete GPS system is planned for 1999.

Propulsion Upgrades

The most complex components of the Space Shuttle Main Engine (SSME)are the high pressure turbopumps. Engine system
requirements result in pump discharge pressure levels from 6000 to 8000 psi and turbine inlet temperatures of 2000 Degrees F. In
reviewing the most critical items on the SSME that could result in a catastrophic failure, 14 of the top 25 are associated with the
turbopumps. The current pumps' dependence on extensive inspection to assure safety of flight have made them difficult to produce
and costly to maintain. The Alternate Turbopump Program (ATP)contract with Pratt & Whitney was signed in December 1986and
called for parallel development of both the High Pressure Oxidizer Turbopump (HPOTP) and the High Pressure Fuel Turbopump
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(HPFTP)to correct the shortcomings of the existing high pressure turbopumps. This objective is achieved by: utilizing design,
analytical, and manufacturing technology not available during development of the original components; application of lessons
learned from the original SSME development program: elimination of failure modes from the design; implementation of a build-to-
print fabrication and assembly process: and full inspection capability by design. The turbopumps utilize precision castings,
reducing the total number of welds in the pumps from 769 to 7. Turbine blades, bearings, and rotor stiffness are all improved
through the use of new materials and manufacturing techniques. The SSME upgrades will expand existing safety margins and
reduce operational costs.

The SSME Powerhead is the structural backbone of the engine. The Phase 11+ Powerhead will reduce the number of welds, improving
producibility and reliability.

The heat exchanger uses the hot turbine discharge gases to convert liquid oxygen in a thin walled coil to gaseous oxygen for
pressurization of the external oxygen tank. The current heat exchanger coil has seven welds exposed to the hot gas environment. A
small leak in one of these welds would result in catastrophic failure. The new Single Coil Heat Exchanger eliminated all seven
critical welds and tripled the wall thickness.

The Large Throat Main Combustion Chamber (LTMCC)developmentwill result in lower pressures and temperatures throughout the
engine system thereby increasing the overall Space Shuttle system flight safety and reliability. The wider throat area accommodates
additional cooling channels. Consequently, hot gas wall temperatures are significantly reduced increasing chamber life. The
LTMCC design also incorporates new fabrication techniques to reduce the number of critical welds and improve the producibility of
the chamber. Developmenton the powerhead, heat exchanger and LTMCC are all being performed under contract with the
Rocketdyne division of the Boeing North American Corporation.

The "block" change concept for incorporating changes into the main engine was introduced and baselined during FY 1994. The
Phase 11+ Powerhead, the Single Coil Heat Exchanger and the new high pressure oxidizer turbopump comprise Block |I. This change
was introduced and flown for the first time in July 1995. The Block II is scheduled to be flown in early FY 1999 and consists of the
Large Throat Main Combustion Chamber and the alternate high pressure fuel turbopump. The end result of these engine
improvements is an increase in the overall engine durability, reliability and safety margin, and producibility. This is consistent with
NASA's goals of decreasing failure probability and reducing Space Shuttle costs.

Increased safety margins and launch reliability on the Space Shuttle will also be realized through the implementation of new
sensors (temperature, pressure and flow) for use in the SSME. SSME history has shown that the engine is more reliable than the
instrumentation system: however, a transducer failure could result in a flight scrub or on-pad abort, failure to detect an engine
fault, or an in-flight abort. These sensor upgrades are essential to improving the reliability of the Space Shuttle's launch capability.

The SLWT program is a result of NASA's desire to enhance the payload capability of the Space Shuttle System to support the Space

Station Program. In FY 1996, the verification testing of the Aluminum Lithium Test Article (ALTA)was successfully completed. This
test demonstrated the capability of the liquid hydrogen barrel section of the SLWT to withstand flight loads with sufficient margin.
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The SLWT is due to complete final assembly and proof testing in January 1998 in preparation for delivery to KSC. First flight is
planned for May 1998 on STS-91.

Flight Operations and Launch Site Equipment Upgrades

These upgrades support pre-launch and post-launch processing of the four Orbiter fleet. Key enhancements funded in launch site
equipment include: replacement hydraulic pumping units that provide power to Orbiter flight systems during ground processing;
replacement of 16-yearold ground cooling units that support all Orbiter power-on testing: replacement of communications and
tracking Ku-band radar test set for the labs in the Orbiter Processing Facility and High Bays that supports rendezvous capability
and the missions: communications and instrumentation equipment survivability projects that cover the digital operational intercom
system, major portions of KSC's 17-year old radio system, and the operational television system: improvement of the Space Shuttle
operations data network that supports interconnectivity between Shuttle facilities and other KSC and off-site networks; replacement
storage tanks and vessels for the propellants, pressurants, and gases: an improved hazardous gas detection system: and fiber optic
cabling and equipment upgrades.

A new Checkout and Launch Control System (CLCS)was approved for development at KSC in FY 1997. The CLCS will upgrade the
Shuttle launch control room systems with state-of-the-art commercial equipment and software in a phased manner to allow the
existing flight schedule to be maintained. The CLCS will reduce operations and maintenance costs associated with the launch
control room by as much as 50%, and will provide the building blocks to support future vehicle control system requirements. The
Juno and Redstone phases of the CLCS were delivered in FY 1997. In these phases the initial integration platform was defined, the
engineering platform was installed, and the interface with the math models was established.. The Thor and Atlas phases are
scheduled for completion in FY 1998. During these phases, the initial applications for the Orbiter Processing Facility will be
developed, the math models will be validated, an interface to the Shuttle Avionics Integration Lab will be established, and hardware
testing will be done. The Titan and Scout phases of CLCS are planned for FY 1999 during which Orbiter automated power-up will
be developed, peripheral locations will be upgraded, and selected vertical testing will be done. In FY 2000, the Delta and Saturn
phases will be accomplished which includes completion of all launch application development, completion of software certification
and validation, and a complete integrated flow demonstration. By the end of FY 2000, Operations Control Room- 1 will be fully
operation, followed by certification in Fy 2001. The first Shuttle launch using the CLCS is scheduled for FY 2001 with full
implementation to be completed one year later.

The Hardware Interface Modules (HIM), which are electrical command distribution systems that support the launch processing
system (LPS)at KSC, are over 25 years old and have experienced an increased failure rate and higher cost of repair over the past
several years. The HIM upgrade replaces all chassis and cards with state-of-the-art "off the shelf' hardware to improve system
reliability and maintainability. Production and installation should be complete in FY 1999.

A cable plant upgrade at KSC replaces the miles of cables which support a wide variety of Space Shuttle facilities. Many of these

cables were installed in the 1960s and are suffering from corrosion and increasing failure rates. Replacement will reduce the
potential for disruption to critical Space Shuttle operations as well as have a direct maintenance benefit. This activity will reduce
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the possibility of launch delays, increase communication system spares availability, and enhance the reliability of data,
instrumentation, voice, and video communications. This upgrade will replace the wide-band distribution system and the
lead/antimony sheath cables with fiber optics and plastic sheath, gel-filled cable. In addition, many field terminals will be replaced
or upgraded. The upgrade should be complete in late FY 1998.

Funds for other activities include implementing required modifications and upgrades on the T-38 aircraft used for space flight
readiness training, capability improvements for weather prediction, and enhancements on information handling to improve system
monitoring, notably for anomaly tracking.

Construction of Facilities (CoF)

FY 1997 CoF funding was concentrated on KSC, MAF, and SSC facilities. At KSC, there were two projects which are both at Launch
Complex Pad B - the replacement of Pad B chiller system and the restoration of the Fixed Support Structure Elevator System. Both
systems are over 25 years old and are past their economic life expectancy. These systems are part of a critical path for launch
criteria assurance. At MAF, the rehabilitation and modification of the 480-volt electrical system are necessary to protect critical
manufacturing operations in the final assembly and major weld areas for the manufacturing of the External Tank (ET). At SSC, the
restoration of the High Pressure Industrial Water Plant included the overhaul of three diesel engines for the deluge water system
and two diesel engines for the electrical generation system. These engines drive the water pumps and electrical generators that
provide cooling water and reliable power for all three SSME test stands for flight certification and development testing.

FY 1998 CoF will provide for improvements for facilities at KSC and MAF. At MAF, this project is phase 11 of IV to rehabilitate the
480-volt electrical distribution system that is critical to the manufacturing of the external tank. At KSC, one project will be
restoring the walls and ceiling that provides a controlled environment to perform pre-flight services of Space Shuttle hardware at
Pad A/LC-39 Payload Change-Out Room (PCR). The other project at KSC will restore the concrete surfaces and slope of Pad A/LC-
39 structure.

FY 1999 CoF funding will provide for improvements for facilities at KSC and MAF. At KSC, there are two projects which are both at
Launch Complex Pad A - the restoration of the Fixed Support Structure Elevator System and the repair of the fire resistant surface
of the Main and SRB flame deflector, repair/replacement of damaged and corroded structural members, and repair/replacement of
bricks in the Flame Trench wall. At MAF, there are two projects Phase III of IV for the rehabilitation of the 480-volt electrical
distribution system and Repair Cell E Common solution return and lining. For additional details on these projects, please refer to

the Mission Support - Construction of Facilities budget.
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BASIS OF FY 1999 FUNDING REQUIREMENT

SHUTTLE OPERATIONS

EFY 1997 FY 1998 EFY 1999
(Thousands of Dollars)

Orbiter and integration ......cccccevccvvinerennncssssrreessssssneresseenns 492,600 502,900 573,400
@1 011 =1 o PR P RRPRPR [124,7001 [126,200] {113,900]
[Systemintegration] .....ccevierrrinnirre e [367,9001 [376,700] 1459,5001

[0 o 101 KT o] o PPt 1,124,700 1,061,800 1,093,400
[EXternaltank] ......cccccceeerrreeennnnninsssssssssssssrneseeesssesssnennns [352,400] [341,300] [404,800]
[Space shuttle main engine]....ccccvnmnneninnnnennen. [208,3001 {204,600] [175,600]
[Reusable solid rocket motor] .uveirinesiesnssensesisnnnes [412,800] [380,400] [362,700]
[Solidrocket DOOSIEI] ...ccccverrreririccrnrrre e snrre e [151,2001 [135,500] [150,3001

Mission and launch operations.. ....cccceccrnsenrsennssesssseenns 847,600 804,700 820,600
[Launchand landing operations]....eermemmesemsnsenens (801,4001 [710,100] (728,400]
[Missionand crew oOperations]..cesmsmsemsemnnns 146.2001 [94.,600 [92.200]

L] =Y PPN 2.464.900 2.369.400 2.487.400

GENERAL

Space Shuttle operations requirements are met through a combination of funds received from Congressional appropriations and
reimbursements received from customers whose payloads are manifested on the Space Shuttle. The reimbursements are applied
consistent with the receipt of funds and mission lead times and are subject to revision as changes to the manifest occur. The

FY 1998 planned standard service reimbursements total $1 1.9 million, with $57.4 million (due to the Shuttle Radar Topograpy
Mission) in reimbursements assumed for FY 1999, which offset the total budget for the Space Shuttle, and have been assumed in
the NASA direct funding requirements identified above for this budget request.

The Space Shuttle operations budget includes sustaining engineering, hardware and software production, logistics, flight and
ground operations, and flight crew operations for all elements while continuing to pursue environmentally necessary operations and
manufacturing improvements. The single, prime contract is the Space Flight Operations Contract (SFOC) held by United Space
Alliance comprising almost one-half of the Operations budget. As developmentitems are completed, additional effort will be
transitioned into SFOC.
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Orbiter and Integration
The Orbiter project element consists of the following items and activities:

(1) Orbiter logistics: spares for the replenishment of Line Replacement Units (LRUs) and Shop Replacement Units (SRUs)
along with the workforce required to support the program:

(2) Production of External Tank (ET)disconnect hardware:

(3) Flight crew equipment processing as well as flight crew equipment spares and maintenance, including hardware to support
Space Shuttle extravehicular activity:

(4) Various Orbiter support hardware items such as Pyrotechnic-Initiated Controllers (PICs), NASA Standard Initiators (NSI's),
and overhauls and repairs associated with the Remote Manipulator System (RMS); and

(5) The sustaining engineering associated with the Orbiter vehicles.

The major contractors for these Orbiter activities are United Space Alliance for operations: Boeing North American for External Tank
disconnects and Orbiter sustaining engineering; and Hamilton Standard and Boeing for flight crew equipment processing.

System integration includes those elements managed by the Space Shuttle Program Office at the Johnson Space Center (JSC)and
conducted primarily by United Space Alliance, including payload integration into the Space Shuttle and systems integration of the
flight hardware elements through all phases of flight. Payload integration provides for the engineering analysis needed to ensure
that various payloads can be assembled and integrated to form a viable and safe cargo for each Space Shuttle mission. Systems
integration includes the necessary mechanical, aerodynamic, and avionics engineering tasks to ensure that the launch vehicle can
be safely launched, fly a safe ascent trajectory, achieve planned performance, and descend to a safe landing. In addition, funding is
provided for multi-program support at JSC.

Propulsion

External Tanks/Super Lightweight Tanks are produced by Lockheed Martin Corporation in the Government-Owned/Contractor-
Operated (GOCO)facility near New Orleans, LA. This activity involves the following:

(1) Procurement of materials and components from vendors:

(2) Engineering and manufacturing personnel and necessary environmental manufacturing improvements.
(3) Support personnel and other costs to operate the GOCO facility; and

(4) Sustaining engineering for flight supportand anomaly resolution.

The program began delivering Super Lightweight Tanks to KSC in support of the performance enhancement goal required by the
Space Station in FY 1998. Only recurring costs associated with the Super Lightweight Tank are included in this account. Non-
recurring costs are accounted for in the Safety and performance Upgrades budget. The External Tank contract is scheduled to be
transitioned into Phase 1l SFOC in FY 1999.
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The Space Shuttle Main Engine (SSME)operations budget provides for overhaul and repair of main engine components,
procurement of main engine spare parts, and main engine flight support and anomaly resolution. In addition, this budget includes
funding to the Department of Defense for Defense Contract Management Command (DCMC) support in the quality assurance and
inspection of Space Shuttle hardware: and funds for transportation and logistics costs in support of SSME flight operations.
Rocketdyne, a division of Boeing North American Corporation, provides the bulk of the engine components for flight as well as
sustaining engineering, integration, and processing of the SSME for flight.

The Solid Rocket Booster (SRB)project supports:

(1) Procurement of hardware and materials needed to support the flight schedule;

(2) Work atvarious locations throughout the country for the repair of flown components:

(3) Workforce at the prime contractor facility for integration of both used and new components into a forward and an aft
assembly: and

(4) Sustaining engineering for flight support.

USBI, Inc., is the prime contractor on the SRB and conducts SRB retrieval, refurbishment and processing at KSC. USBI completed
the process of consolidating their workforce at Kennedy Space Center from Huntsville, Alabama. The SRB contract is the first major
element to be transitioned into Phase II of the SFOC Contract in FY 1998.

The Reusable Solid Rocket Motor (RSRM) project includes:

(1) Purchase of solid rocket propellant and other materials to manufacture motors and nozzle elements.

(2) Workforce to repair and refurbish flown rocket case segments, assemble individual case segments into casting segments
and other production operations including shipment to the launch site:

(3) Engineering personnel required for flight support and anomaly resolution: and

(4) New hardware to support the flight schedule required as a result of attrition.

Thiokol of Brigham City, Utah is the prime contractor for this effort.

Mission and Launch Operations

Launch and Landing Operations provides the workforce and materials to process and prepare the Space Shuttle flight hardware
elements for launch as they flow through the processing facilities at the Kennedy Space Center (KSC). The primary contractor is
United Space Alliance. This category also funds standard processing and preparation of payloads as they are integrated into the
Orbiter, as well as procurement of liquid propellants and gases for launch and base support. It also provides for support to landing
operations at KSC (primary),Dryden Flight Research Center (back-up)and contingency sites.

Operation of the launch and landing facilities and equipment at KSC involves refurbishing the Orbiter, stacking and mating of the
flight hardware elements into a launch vehicle configuration, verifying the launch configuration, and operating the launch
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processing system prior to lift-off. Launch operations also provides for booster retrieval operations, configuration control, logistics,
transportation, inventory management, and other launch support services. This element also provides funds for:

(1) Maintaining and repairing the central data subsystem, which supports Space Shuttle processing as an on-line element of
the launch processing system:

(@ Space Shuttle-related data management functions such aswork control and test procedures:

(3) Purchase of equipment, supplies and services: and

(4) Operations support functions including propellant processing, life support systems maintenance, railroad maintenance,
pressure vessel certification, Space Shuttle landing facility upkeep, range support, and equipment modifications.

Mission and Crew Operations include a wide variety of pre-flight planning, crew training, operations control activities, flight crew
operations support, aircraft maintenance and operations, and life sciences operations support. The primary contractoris US
Alliance. The planning activities range from the development of operational concepts and techniques to the creation of detailed
systems operational procedures and checklists. Tasks include:

(1) Flight planning:

(2) Preparing systems and software handbooks:

(3) Defining flight rules:

(4) Creating detailed crew activity plans and procedures:

(5) Updating network system requirements for each flight:

(6)Contributing to planning for the selection and operation of Space Shuttle payloads: and
(7) Preparation and plans for International Space Station assembly.

Also included are the Mission Control Center (MCC),Integrated Training Facility (ITF),Integrated Planning System (IPS),and the
Software Production Facility (SPF). Except for the SPF (Space Shuttle only), these facilities integrate the mission operations
requirements for both the Space Shuttle and International Space Station. Flight planning encompasses flight design, flight analysis,
and software activities. Both conceptual and operational flight profiles are designed for each flight, and the designers also help to
develop crew training simulations and flight techniques. In addition, the flight designers must develop unique, flight-dependent
data for each mission. The data are stored in erasable memories located in the Orbiter, ITF Space Shuttle mission simulators, and
MCC computer systems. Mission operations funding also provides for the maintenance and operation of critical mission support
facilities including the MCC, ITF, IPS and SPF. Finally, Mission and Crew Operations include maintenance and operations of
aircraft needed for flight training and crew proficiency requirements. Other support requirements are also provided for in this
budget, including engineering tasks at JSC which support flight software development and verification. The software activities
include development, formulation, and verification of the guidance, targeting, and navigation systems software in the Orbiter. The
Flight Software Contract with Lockheed Martin will transition into the Phase II of the SFOC Contract in FY 1998.

HSF 3-23



PROGRAM GOALS

The goal of Space Shuttle Operations is to provide safe, reliable, and effective access to space. The flight rate for the program
continues to be budgeted at an average of seven flights annually with surge capability to eight flights. Eight flights were flown in
FY 1997,and six flights are planned in Fy 1998. Eight flights are planned for FY 1999.

STRATEGY FOR ACHIEVING GOALS

The Space Shuttle program is aggressively continuing to reduce the cost of operations. Since FY 1992, cost reduction efforts have
been successful in identifying and implementing program efficiencies and specific content reductions. Space Shuttle project offices
and contractors have been challenged to meet reduced budget targets.

United Space Alliance (USA) was awarded the Space Flight Operations Contract (SFOC)on October 1, 1996. It includes a phased
approach to consolidating operations into a single prime contract for operational activities. The first phase began in late 1996 with
12 operational and facility contracts being consolidated from the majority of the effort previously conducted by Lockheed Martin and
Boeing North American (the two corporations which comprise the US Alliancejoint venture). The second phase will add other
operations work to the contract after the contractor has had an appropriate amount of time to evolve into its more responsible role
in phase |. Transition will take another 1-2 years and employ approximately 7300 equivalent persons at steady state. All
transitions will be completed in FY 2000. The reasons for this phased approach are two-fold:

1. The ongoing major development projects (e.g. SLWT, MEDS, ATP, etc.) will be completed.
2. The transition to the prime can occur at a more measured pace.

The roles and missions of the contractor and government relationships have been defined to insure program priorities are
maintained and goals are achieved. The SFOC contractor is responsible for flight, ground, and mission operations of the Space
Shuttle. The accountability of its actions and those of its subcontractors will be evaluated and incentivized through the use of a
combined award/incentive fee structure of the performance-based contract. NASA as owner of assets, customer of operations
services, and director of launch/flight operation, is responsible for (a)surveillance and audit to ensure compliance with SFOC
requirements, and (b) internal NASA functions. Further, NASA retains chairmanship of control boards and forums responsible for
acceptance/rejection/waiver of Government requirements while the SFOC contractor is responsible for requirement implementation.
The SFOC contractor is required to document and maintain process/controls necessary to ensure compliance with contract
requirements and to sign a certification of flight readiness (CoFR) to that effect for each flight..

MEASI OF PERFORMANCE

Since the Space Shuttle program has both an operational and development component, performance measures related to the Space
Shuttle program reflect a number of different activities ranging from missions planned and time on-orbit in Shuttle Operations, to
development milestones planned for the Safety and Performance Upgrades program. The following sets of diverse metrics can be
utilized to assess overall program performance.
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FY 1997

Operations Metrics Revised
plan
Number of Space Shuttle Flights* 7
Shuttle Operations Workforce (Prime Contractor 16.519
(equivalent personnel))
Space Shuttle Processing Overtime Required 3%
Number of Days On-orbit 90
Number of Primary Payloads Flown 9

* Mission added for MSL- 1 Reflight (STS-94).

Space Shuttle Missions and Primary Payloads

Fy 1997
STS-80/Columbia
STS-81/Atlantis
STS-82 /Discovery
STS-83/Columbia
STS-84/Atlantis
STS-94/Columbia
STS-85/Discovery
STS-86/Atlantis

Fy 1998
STS-87/Columbia

STS-89/Endeavour

STS-90/Columbia
STS-91/Discovery

STS-88/Endeavour

STS-93/Columbia

FY 1999
STS-95/Discovery

STS-96/Endeavour

STS-92/Atlantis
STS-97 /Discovery

STS-98/Endeavour

STS-99/Atlantis

STS-100/Discovery
STS-101/Endeavour

Wake Shield Facility-3 (WSF-3)/OREFUS-SPAS-02
Russian Space Station Mir (Mir-5)/Spacehab

Hubble Space Telescope Servicing Mission (MSTSM-02)
Microgravity Science Laboratory (MSL-1)

Russian Space Station Mir (Mir-6)/Spacehab

MSL Reflight

Japan Manipulator Flight Demonstration/CRISTA-SPAS-02

Space Station Mir (Mir-7)

Microgravity Payload (USMP-04)/Spartan 201-04
Russian Space Station Mir (Mir-8)/Spacehab
Neurolab

Russian Space Station Mir (Mir-9) /Spacehab
Space Station #1 (Node 1)(ISS-01-2A)

AXAF (underreview)

Hubble Orbital System Test (HOST)/Spacehab

Space Station #2 Spacehab Cargo Module (ISS-02-2A.1)
Space Station #3 (ITS-21) (1SS-03-3A)

Space Station #4 (PV Module) (1SS-04-4A)

Space Station #5 (US Lab) (1SS-05-5A)

Space Station #6 (MPLM) (ISS-06-6A)

Space Station #7 (Airlock (1SS-07-7A)

Shuttle Radar Topography Mission (SRTM)

Fy 1998

Actual plan

8 7

16,519 16,478

3% 3%

94 76

10 8
Plan

November 1996
December 1996
February 1997
March 1997
May 1997

July 1997
September 1997

Plan

November 1997
January 1998
April 1998
May 1998

July 1998
August 1998

Blan

October 1998
December 1998
January 1999
April 1999

May 1999

June 1999
August 1999
September 1999

16,023

FY 1999

Current Plan
6 8
15,550
3% 3%
68 90
8 9

Actual
November 1996
January 1997
February 1997
April 1997

May 1997

July 1997
August 1997
September 1997

November 1997
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The Space Shuttle program currently provides launch support for space science missions accommodating universities and industry
as a space laboratory and technology research vehicle. Beginning in FY 1998, its primary mission will be to support the on-orbit
assembly and operations of the International Space Station. The Shuttle is also the only U.S. vehicle that provides human
transportation to and from orbit. In FY 1997, 52 crew members flew approximately 818 days, including time spent by an American
astronaut aboard Mir. In FY 1998, 37 crew members are planned to fly approximately 669 days, including time spent by American
astronaut aboard Mir. This will be followed by approximately 60 crew members flying 810 crew days in FY 1999, including time
spent by Americans aboard the International Space Station.

To supplement the network of management reviews and government oversight functions, NASA continues to seek specific objective
measurements of overall performance of the Space Shuttle program. In order to permit rapid review by the program managers, the
Shuttle program has devised a series of "stoplight" metrics. The metrics are devised whereby certain program aspects are measured
against established limits or program parameters and then translated into the appropriate green, yellow or red indicators. Among
the metrics displayed in this manner are in-flight anomalies, monthly cost rate, Shuttle processing monthly mishaps, Orbiter
systems and line replaceable unit {LRU) problem reports, Shuttle processing contract overtime percentage, and KSC quality
surveillance error rate. The Shuttle program also tracks its launch history, monitoring the number of liftoff attempts per mission,
and characterizing any delays or scrubs as to technical, weather or operational-related reasons.
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SHUTTLE LAUNCH HISTORY
30 for 30 LAUNCHES MEETING OUR COMMITMENT

(STS-61 thru STS-87)

22 for 22

8 for 8

STS-64 :Weather in the RTLS area

STS-72 : Computer communication problem
STS-83 :Late tanking & hatch closeout cover
STS-94: Weather at KSC

11/19/97
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ACCOMPLISHMENTSAND PLANS

In FY 1997,the Space Shuttle launched eight flights successfully including three flights to the Russian Mir Space Station.
Additional flights deployed the Wake Shield Facility (WSF-3) and OREFUS-SPAS-02; and the Japan Manipulator Flight
Demonstration as well as CRISTA-SPAS-02 pallet mission. The second Hubble Space Telescope Servicing Mission was conducted,
and the Microgravity Science Laboratory (MSL) was flown twice.

The six flights manifested for FY 1998 include a major microgravity payload, the last Spacelab mission (Neurolab),and two more
resupply flights to the Russian Space Station Mir. The Space Shuttle will also make its first assembly flight to the International

Space Station. Finally the Space Shuttle plans to deploy the last of the “Great Observatories” when it launches the Advanced X-Ray
Astrophysics Facility (AXAF).

Eight flights will be flown during FY 1999, including six International Space Station assembly flights. In addition, the last two

dedicated research missions will be flown: one on Spacehab, and the Shuttle Radar Topography Mission (SRTM),ajoint DOD/NASA
payload to study the earth.
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HUMAN SPACE FLIGHT
FISCAL YEAR 1999 ESTIMATES
BUDGET SUMMARY

OFFICE OF SPACE _IGH U.S./RUSSIAN COOPERATION AND PROGRAM ASSURANCE

SUMMARY OF RESOURCES REQUIREMENTS

Page
FY 1997 FY 1998 FY 1999  Number
(Thousands of Dollars)
Russian Space Agency contract SUPPOIt ..cocceeieviienireinens 100,000 -- -- HSF 2-1
Russian Program ASSUFaNCE........cccviiiiririieeensssiinnnnneneeesns 200,000 50,000 -- HSF 2-1
TOtal e 300,000 50.000 =

Distribution of Program Amount by Installation

JOhnson Space Center ..., 297,200 50,000 --
Kennedy Space Center .......cccccciiiiiiiiiiiiiiiiii 2,400 -~ --
Marshall Space Flight Center ........ccoviiceiiiiiiiiee i, 300 -- --
Goddard Space Flight Center.......ccvivviiiciinencc e viinneenn, 100 -- --

T O e 300,000 50.000 - -

PROGRAM GOALS

In FY 1997,the U.S./Russian Cooperative Program budget line item was discontinued, and a new budget line item entitled,
U.S./Russian Cooperation and Program Assurance, was established. This budget line item has two parts, U.S./Russian
Cooperation (Russian Space Agency contract support) and Russian Program Assurance (RPA}. The RPA budget was established in
response to the concerns of the U.S. Government over the impact of the Russian Government's fiscal problems on meeting their
commitments. This was highlighted by the slippage of the Russian service module (SM) from May 1998 to December 1998. The
U.S. developed a contingency plan and initiated specific developments in the event of further Russian delays or shortfalls. The
United States (U.S.) and the Russian Federation have underway a three-phasejoint cooperative space program to accomplish five
major goals. First, the program permits us to develop, maintain, and enhance capabilities arid operations to allow humans to live
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and work continuously in space. Second, by establishing a relationship with Russia as an international partner for the human
exploration and exploration of space, the United States can reduce the cost of future U.S. space initiatives by applying Russian-
developed technology. Third, by flying Space Shuttle missions to the Russian Mir, the United States can enhance its understanding
of long-duration operations, and gain life sciences and microgravity research benefits from long-duration experimentation. Fourth,
and of considerable importance. early cooperation with the Russians permits us to develop common systems and operating
procedures which will increase the probability of success and mitigate risks in the design, assembly, and operation of the
International Space Station (ISS) in which they are a full partner. Finally, this relationship between the U.S. and Russian space
agencies advances U.S. national space programs as well as U.S. aerospace industry.

The RPA provides contingency planning funds to address ISS program requirements resulting from delays on the part of Russia in
meeting its coniniitments to the ISS program. The first step in the contingency plan is to protect against a potential further delay in
the SM. The ISS program is purchasing, from the U.S. Naval Research Laboratory (NRL), an interim control module (ICM) to provide
attitude control and reboost functions for continuation of the ISS assenibly sequence in case the Russian SM is launched later than
December 1998. The NRL's ICM will be prepared for a February 1999 launch and will be attached to the back of the Russian-built
functional cargo block (FGB). If the SM is launched in December 1998, the ICM will be reconfigured to be attached to the SM. The
ICM would then be able to dock to the back of the SM in 199910 back up any shortfall of Progress fuel resupply vehicles.

STRATEGY FOR ACHIEVING GOALS

The Russian Space Agency (RSA)contract provides services and hardware for Phase | and selected Phase Il activities related to the
ISS program. Phase 1 of the program expands the joint participation by U.S. and Russian crews in Mir and Space Shuttle
operations. This expanded program uses the unique capabilities of the Space Shuttle and the Russian Space Station Mir and
provides support for nine flights to Mir, including seven long-duration stays of U.S. crew. Phase | provides valuable experience and
test data which will greatly reduce technical risks associated with the construction and operation of the ISS and provides early
opportunities for extended scientific and research activities. The Russian Space Station’scapabilities have been enhanced by
contributions from both countries. The Space Shuttle has delivered new Russian-built solar arrays to replace existing arrays on
Mir, and one of these new arrays uses solar cells provided by the U.S. Russia has launched the Spektr and Priroda modules to its
station, equipped with U.S., Russian, and other international scientific hardware to support science and research experiments. In
1996, NASA exercised options to add an eighth and ninth shuttle flight lo Mir. These additional flights will assist Russia in meeting
its commitment to deliver key elements used in the early assembly of the ISS and will permit additional NASA astronauts to perform
long-duration missions on Mir. The eighth and ninth Mir flights will use the Space Shuttle to reduce a significant logistics shortfall
on Mir, conduct vital engineering research and expand our knowledge and experience of the effects of long-duration weightlessness.
In addition, these extended Mir operations will assist Russia in its objective to extend the Mir on-orbit lifetime through FY 1999.
This approach takes into account thejoint U.S./Russian interest in continuation of the Shuttle/Mir program, while minimizing
changes to the ISS development plan.

During Phase I, the RSA provides management, Mir lifetime extension, Mir capabilities expansion, docking hardware and mission

support for both long-duration and short-term, joint missions. Management activities include project documentation, arid program
and subcontract management. Mir lifetime extension includes system requirements planning, communication and control systems
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analyses and upgrades, thermal control documentation and requirements definition, environmentally closed life support system
(ECLSS)upgrades, power supply system upgrades, and propulsion systems documentation. To expand Mir capabilities, Spektr and
Priroda modules were attached to the Mir for scientific use by Russia and the U.S.

Phase Il combines U.S. and Russian hardware to create an advanced orbital research facility with early human-tended capability.
This facility will significantly expand the scientific and research activities initiated in Phase I, and will form the core of the ISS.
Selected Phase II activities in the contract develop the systems capabilities, support, and other infrastructure to complete the ISS.
Under a fixed-price contractual arrangement with NASA, the RSA furnishes supplies and/or services to enhance Mir operational
capabilities, perform joint space flights, and conductjoint activities which will assist in the design, development, operations, and
utilization of the ISS. During this phase, the RSA also provides management, advanced technology, associated analyses, and ISS
elements. ISS elements include: requirements definition of ajoint airlock and delivery of androgynous peripheral docking system
(APDS)hardware: service module modifications: FGB energy block modifications; delivery of repress/depress pumps for the airlock;
and study and documentation related to a scientific power platform.

The RPA program has two primary components. First, modifications are being done to the FGB, an element purchased from Russia
and owned by the U.S. The FGB is the first piece of Station hardware to be launched. These modifications enhance the FGB’s
propulsion control capabilities and make it refuelable. Second, the development of an interim control module (ICM) is being pursued
to ensure that sufficient attitude and reboost capability is available if required in the assembly sequence. The ICM is being built by
the NRL. The FGB modifications and the ICM addition will enable the on-orbit configuration to be safely maintained even if the
Russian service module is delayed for up to an additional year beyond the Space Station Control Board baselined launch date of
December 1998. Other RPA activities include purchase of docking adapters and SM flight support equipment from RSA, airlock
modifications, O® compressor for the Airlock, and other related ICM tasks.

IRES OF CE
Delivery of passive docking Delivery of two passive docking mechanisms (Passive 1and 2), associated avionics, control
mechanisms panels, and documentation to support Phase Il Space Shuttle flights to the ISS.

Plan: 17Qtr FY 1996,
3™ Qtr FY 1997
Actual: Jan 1997
July 1997

ICM PDR NRL and ISS program office held a preliminary design review (PDR) for the ICM.
Plan: April 1997
Actual: April 1997

Delivery of docking mechanisms  Delivery of docking mechanisms (APDS # 2, 3, 4), associated avionics and control panels for

Plan: 1%, 2™ 3" Qtrs. ISS/Shuttle.
FYy 1998
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Deliver APDS # 1
Plan: 3" Qtr 1997
Actual: Jul 1997

ICM CDR
Plan: December 1997
Actual: December 1997
SM Launch
Plan: December 1998

FDRD Completed
Plan: February 2, 1998

Phase 11 GSR
Plan: March 1, 1998

Phase II FSR
Plan: April 5, 1998

Cargo Integration Review (CIR)

Plan:  April 21, 1998
APAS Delivery
Plan: June 30, 1998

Phase 111 GSR
Plan: October 27, 1998

Stage Integration Review
Plan: November 2, 1998

Phase Il FSR
Plan: November 3, 1998

ICM Ship to KSC
Plan: December 10, 1998

Delivery of docking mechanism (APDS# 1), associated avionics and control panels for
ISS/Shuttle

NRL and ISS program office completed the critical design review (CDR) for the ICM

The SM will be launched as part of the ISS Revision C Assembly Sequence

Flight design requirements document (FDRD)baseline established in order to allow Shuttle to
begin flight design processes

Phase Il ground safety review (GSR) at KSC

Phase 11 flight safety review (FSR} at JSC

Review of cargo element with Shuttle Program

Delivery of the androgynous peripheral attachment system (APAS, a docking mechanism) from
Energia

Phase 111 ground safety review at KSC

Stage integration review

Phase 111 flight safety review at JSC

Begin launch processing, ground operations at KSC
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ICM Launch Planned launch date if Russian service module is delayed
Plan: February 17, 1999

ACCOMPLISHMENTS AND PLANS

RSA contract deliverables paid in FY 1997 were based on a total of 106 achieved milestones. Some of the major activities conducted in

FY 1997 included Stage 2 crew training and crew medical support, delivery of ground support equipment, continued implementation of the
integrated science plan, delivery of three docking mechanisms, delivery of astronaut consumable supplies, and development and modifications
to the service module. During FY 1997, American astronauts were continuously aboard Mir conducting scientific research. Funding for the
original $400 million RSA contract under the U.S./Russian cooperative program concluded in FY 1997. However, some milestones, such as
delivery of three docking mechanisms, two long duration missions and two Shuttle docking missions to the Mir, will occur in FY 1998.

With the $200 million in FY 1997 fundsreallocated from within the Human Space Flight account, funds were sent to NRL to begin the
development and build of the ICM. A PDR was accomplished in April 1997. FGB performance modifications and work on the 02 compressor
for the airlock were initiated. A modification to the RSA contract was negotiated for the purchase of docking adapters for the ICM.

In FY 1998, RPA funding provides for: continuation of FGB performance modifications, airlock modifications, O' compressor for the airlock,
and production of SM flight support equipment and docking adapters for the ICM. The ICM production will be completed, and the hardware
delivered to Kennedy Space Center (KSC). Activities associated with integrating and launching the ICM are: mission operations, engineering,
Shuttle, KSC operations, GSFC quality assurance support, MSFC program and technical support, production of wet and dry mockups, and
outfitting for crew training.
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OFFICE OF SPACE FLIGHT

Safety and performance upgrades
Shuttle operations

Distribution of Program Amount bv Installation

,Johnson Space Center
Kennedy Space Center
Marshall Space Flight Center
Stennis Space Center
Dryden Flight Research Center
Langley Research Center
Lewis Research Center
Goddard Space Flight Center
Jet Propulsion Laboratoiy
Headquarters

0] - |

GENERAL

HUMAN SPACE FLIGHT
FISCAL YEAR 1999 ESTIMATES

BUDGET SUMMARY

FY 1997 FY 1998
496,000 553,400
2.464.900 2.369.400
2.960.900 2.922.800
1,473,600 1,574,500
142,900 160,000
1,276,500 1,136,400
50,500 42,700
5,400 5,600
1,000 -~
800 -
500 -
2,100 --
7,600 3.600
2.960.900 2.922.800

SPACE SHUTTLE

FY 1999

Page
Number

(Thousands of Dollars)

571,600
2,487,400

3.059.000

1,685,800
227,800
1,096,200
40,200
6,000

3,000

3.059.000

HSF 3-5
HSF 3-20

The Space Shuttle budget is divided into two categories: Safety and Performance Upgrades (S&PU) and Shuttle Operations. It is
distributed to the various program elements through the four Human Space Flight Centers and the Dryden Flight Research Center.
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The Space Shuttle program provides launch services to a diversity of customers, supporting payloads that range from small hand-
held experiments to large laboratories. While most missions are devoted to NASA-sponsored payloads, wide participation is
exercised by industry, partnerships and corporations, academia and other national and international agencies. Both NASA and the
U.S. and international scientific communities are beneficiaries of this approach. The Space Shuttle is a domestically and
internationally sought-after research facility because of its unique ability to provide on-orbit crew operations, rendezvous /retrieval,
and payload provisions, including power, telemetry, pointing and active cooling.

The Space Shuttle services numerous cooperative and reimbursable payloads involving foreign governments and international
agencies. The focus of international cooperation, for which the Space Shuttle is uniquely suited, will be the assembly and
operational support of the International Space Station (ISS)beginning in FY 1998.

The Space Shuttle program participates in the domestic commercial development of space, providing flight opportunities to NASA's
Centers for Commercial Development of Space. These non-profit consortia of industry, academia, and government were created to
conduct commercially applied research activities by encouraging industry involvement leading to new products and services through
access to the space environment. Over 6 payloads with numerous experiments have been developed through these consortia and
were flown in FY 1997. Cooperative activities with the National Institute of Health (NIH), the National Science Foundation (NSF),the
Department of Defense and other U.S. agencies are advancing knowledge of health, medicine, science, and technology. Space
Shuttle support for the flight of Neurolab in FY 1998,a major cooperative NASA-NIH program, is a prime example.

PROGRAM GOALS

The Space Shuttle program is safely flying more flights at less cost per flight than ever before in the history of the program. The
restructuring activities of the past sixyears have resulted in dollar savings of 31%by FY 1997, equating to 37% less workforce since
FY 1992. Reliability has improved and since FY 1994, 27 missions have been launched within the first five minutes of the launch
window, an 87%success rate. In addition, after 86 successful missions, a significant reduction in operational requirements is
continuing. Consolidation of contracts to a single prime contract is progressing successfully since the award of the Space Flight
Operations Contract (SFOC)on October 1, 1996. Phase II of the transition is now underway, with the first production hardware
contracts (Solid Rocket Booster and External Tank) transferring into SFOC in FY 1998. The total transition is scheduled to be
complete by FY 2000.

In FY 1996, the White House, through NASA, commissioned the Aerospace Safety and Advisory Panel (ASAP)to conduct a six-month
review to assess if the Space Shuttle program was continuing to operate safely during downsizing activities. On December 13, 1996,
the ASAP released their findings that, indeed, efforts to streamline the Space Shuttle Program has not increased risks. The panel
did include 22 recommendations, mostly associated with maintaining a skilled, experienced, and motivated workforce especially
during International Space Station assembly. To date, all recommendations have been addressed (with one recommendation
regarding maintenance of critical skills at KSC, which remains an ongoing, annually-reviewed item).

The Space Shuttle continues to prove itself to be the most versatile launch vehicle ever built. This has been demonstrated by: (1)
performing rendezvous missions with the Russian Space Station Mir; (2)advancing life sciences and technology through long-
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duration Spacelab and Spacehab missions: and (3)repairing and servicing the Hubble Space Telescope, enabling discovery of new
astronomical events. The Space Shuttle has also performed rescue and retrieval of spacecraft, and is preparing for the challenge of
assembly of the International Space Station.

The primary goals of the Space Shuttle program are in priority order: (1)fly safely: (2)meet the flight manifest: (3)improve
supportability, and (4)reduce costs. The third priority was added in FY 1997 in recognition that the Space Shuttle must be capable
of supporting agency launch requirements for the foreseeable future. The “freeze design” decision of the FY 1995 Restructuring Plan
was reversed and an upgrade program has been added.

The program’s goals are reflected in decisions regarding program requirements, programmatic changes and budget reductions. The
flight rate for the program continues to be budgeted at an average of seven flights annually with a surge capability to eight flights.
FY 1997 had eight flights, with six flights planned for FY 1998. FY 1999 and FY 2000 are eight-flight years with the addition of the
Shuttle Radar Topography Mapping (SRTM) Mission, ajoint DOD/NASA mission, and two science missions. This manifest supports
the Nation’sscience and technology objectives through scheduled Spacelab, Spacehab and other science missions, cooperative
missions to the Kussian space station Mir, and commencement of assembly of the International Space Station.

In addition to flying safely, restructuring the program, and conducting a single prime consolidation, we are continuing the Safety
and Performance Upgrades program. This includes the completion of selected projects, termed “Phase I” upgrades, that are
designed to improve Space Shuttle safety and to improve payload-to-orbit performance by 13,000pounds. This will allow the
Orbiter to achieve the orbital inclination and altitude of the International Space Station and support its assembly beginning in FY
1998. All the Phase | upgrades are on track to meet the performance requirements of the first Space Station assembly flight, STS-
88, in the 3rd quarter of FY 1998. “Phasell” upgrades have been added to the program that are required to assure mission
supportability into the next century.

Key elements of this budget request are: (1) the continued transition to a single prime contractor for space flight operations: (2)
initiation of new Phase Il upgrades: and (3)Orbital Maintenance Down Periods {OMDPs) to be conducted at Palmdale, California.

In the Space Shuttle’sFY 1998 Congressional request, a Phase III/IV portion of the Upgrade Program was envisioned. Since that
time, the Agency formed a Space Transportation Council (STC)to assess advanced transportation areas in both the Office of Space
Flight and the Office of Aeronautics and Space Transportation Technology. Technology need studies were conducted by the Space
Shuttle program in FY 1997 and FY 1998. In recognition of the value of close collaboration on the technology needs of future
reusable launch vehicles, lead responsibility has been consolidated within the Space Transportation Technology program. The
Space Transportation Council will provide management oversight and policy direction across the agency’s activities in this area.
Potential major Shuttle upgrades will be examined under the Future Space Launch industry-led trade studies described in the
Space Transportation Technology section. These studies will provide the basis for end-of-decade decisions by NASA and the
Administration on pursuing an operational launch system to reduce NASA’s launch cost.
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STRATEGY FOR ACHIEVING GOALS

The budget structure of the Space Shuttle program consists of two major components: Safety and Performance Upgrades, and Space
Shuttle Operations. Safety and performance Upgrades provide for modifications and improvements to the flight elements and
ground facilities, including expansion of safety and operating margins and enhancement of Space Shuttle capabilities as well as the
replacement of obsolete systems. Shuttle Operations including hardware production, ground processing, launch and landing,
mission operations, flight crew operations, training, logistics, and sustaining engineering. In addition, this budget includes funding
for facilities related to the Space Shuttle.

The Space Shuttle program’s strategy for the Safety and Performance Upgrades budget is to fund those modifications and
improvements which will provide for the safe, continuous, and affordable operations of the Space Shuttle system for the foreseeable
future. This is an essential element of the launch strategy required for continuing operations supportability of the International
Space Station.

The overall strategy for the Shuttle Operations budget is to request funding levels sufficient to allow the Space Flight Operations
Contract to meet the intended flight rates, including appropriate contingency planning in both budget and schedule allowances to
assure transportation and assembly support to the Space Station program, while at the same time incentivizing the contractor to
identify opportunities for reductions in operations costs while still ensuring the safe and reliable operation of the Space Shuttle.
The continued transition of activities to the Space Flight Operations Contract represents a key element of this strategy.
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BASIS OF FY 1999 FUNDING REQUIREMENT

SAFETY AND PERFORMANCE UPGRADES

FY 1997 FY 1998 FY 1999
(Thousands of Dollars)

Orbiter IMProvemMeNts .....cccueeeveriirrrien e 159,900 232,500 234,800
Multifunction-electronic display system .....ccccevvivinene, 15,900 31,100 5,500
Other orbiter improvements.. ...ccoccev v nnsvieesssineessesneeens 144,000 201,400 181,300

[Supportability Upgrades] [included above]................... {50,000] [50,000] 48,000

Propulsion upgrades ....ccccceeeeiiiiii e 202.800 176,000 175.700

Space shuttle main engine upgrades.. ....ccocvrrinverienienns 196,000 170,700 172,800
[Alternate Turbopump program]....ceorme. (79,600] [72,100] [63,700]
[Other main engine upgrades]...ccccvrniiirensieesssrensssnenns [116,4001 (98,6001 [109,100]

Solid rocket booster improvements ......cocevvinniennensnen, 800 3,500 2,900

Super lightweight tank ......cccceeeveeeeeensesisese e 6,000 1,800 --

Flight operations & launch site equipment upgrades.......... 125.000 138.100 153.500
Flight operation upgrades.. ....ccoierievcneenninsnneessssssneees e 66,400 70,600 38,500
Launch site equipment upgrades ....ccccucvrverrsensssensssesnnns 58,600 67,500 115,000
[Supportability Upgrades] ccceeecvereenniininneeesssssnneeessennnns [20,000] [45,000] [52,000]

Construction of faCHlitieS ..veuvviereriiiierrriirerrrir e errsreeees 8,300 6.800 7.600

TOLAL cvveeee it 496,000 553,400 571.600

GENERAL

The Safety and Performance Upgrade program is measured by the success it has in accomplishing the ongoing projects consistent
with approved schedule and cost planning, and also the effect these projects have on the overall operation of the Space Shuttle
System. Success depends on developing these projects and getting them implemented to help insure the Space Shuttle's safe

operation, and improve the reliability of the supporting elements.

The FY 1999 budget request includes activities in the following categories: Orbiter Improvements, Space Shuttle Main Engine
(SSME) Upgrades, Launch Site Equipment (LSE) Upgrades and Flight Operations Upgrades, as well as specific, Space Shuttle-
related Construction of Facilities. This budget also includes Supportability upgrades to develop more modern systems which will
combat obsolescence of vehicle and ground systems in order to maintain the program's viability into the next century. Vendor loss
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of aging components, high failure rates of older components, high repair costs of Shuttle-specific devices, and negative
environmental impacts of some out-dated technologies are areas to be addressed.

The following is a brief description of these activities.

Orbiter Improvements

The Orbiter improvements program provides for enhancements of the Space Shuttle systems, produces space components that are
not susceptible to damage, and maintains core skills and capabilities required to modify and maintain the Orbiter as a safe and
effective transportation and science platform. These activities are provided by contract arrangements with Boeing North American
(formerly, the Rockwell International Space Division) in two major locations in FY 1998:the Downey, California facility provides
engineering, manufacturing and testing: and the Palmdale, California operation provides Orbiter Maintenance Down Period (OMDP)
support as discussed below. Other activities that support this effort are subsystem management engineering and analysis
conducted by Lockheed-Martin Corporation and development and modifications required for support to the extravehicular capability
conducted by Hamilton Standard.

Orbiter Maintenance Down Period (OMDP)occurs when each Orbiter is taken out of service periodically for detailed structural
inspections and thorough testing of its systems before returning to operational status. This period also provides opportunities for
major modifications and upgrades, especially those upgrades that are necessary for improving performance to meet the International
Space Station operational profile.

Propulsion Upgrades

The main engine safety and performance upgrade program is managed by the Marshall Space Flight Center (MSFC)and supports
the Orbiter fleet with flight-qualified main engine components and the necessary engineering and manufacturing capability to
address any failure or anomaly quickly. The Rocketdyne Division of the Boeing North American Corporation is responsible for
operating three locations that provide engine manufacturing, major overhaul, components recycle and test. They are:

(1) Canoga Park, California which manufactures and performs major overhaul to the main engines;
(2) Stennis Space Center (SSC), Mississippi for conducting engine development, acceptance and certification tests: and
(3) Kennedy Space Center (KSC), Florida where the engine inspection checkout activities are accomplished at the KSC engine

shop.

Engine ground test and flight data evaluation, hardware anomaly reviews and anomaly resolution are managed by the Marshall
Space Flight Center (MSFC). The Alternate Turbopump project is also managed by the MSFC under contract with Pratt Whitney of
West Palm Beach, FL. The Super Lightweight Tank project is managed by the MSFC and is being accomplished by the Lockheed
Martin Corporation at the government-owned Michoud Assembly Facility (MAF)near New Orleans, LA.
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Flight Operations and Launch Site Equipment Upgrades

The major flight operations facilities at Johnson Space Center (JSC)include the Mission Control Center (MCC),the flight and ground
support training facilities, the flight design systems and the training aircraft fleet that includes the Space Shuttle training aircraft,
the T-38 aircraft and the Space Shuttle Carrier Aircraft (SCA). The major launch site operational facilities at KSC include three
Orbiter Processing Facilities (OPFs), two launch pads, the Vehicle Assembly Building (VAB), the Launch Control Center (LCC),and
three Mobile Launcher Platfornis (MLPs). The most significant upgrade in this account is the Checkout and Launch Control System

at KSC.
Construction of Facilities
Construction of Facilities {(CofF) funding for Space Shuttle projects is provided in this budget to refurbish, modify, reclaim, replace

and restore facilities at Office of Space Flight Centers to improve performance, address environmental concerns of the older
facilities, and to ensure their readiness to support the Space Shuttle Operations.

PROGRAM GOALS

NASA policy planning assumes the Space Shuttle will need to be capable of supporting the critical transportation requirements for
the assembly of the Space Station and perhaps through 10years of Space Station operations. In order to maintain a viable, human
transportation capability that will operate into the next century and support NASA's launch requirements, specific program
investments are required. These investments are consistent with NASA's strategy of ensuring the Space Shuttle remains viable until

a new transportation system is operational.

STRATEGY FOR ACHIEVING GOALS

This budget provides funds required to modify and improve the capability of the Space Shuttle to ensure its viability as a safe,
effective transportation system and scientific platform. It also addresses increasingly stringent environmental requirements,
obsolescence of subsystems in the flight vehicle and on the ground, and capital investments needed to achieve reductions in
operational costs. Work continues on the Alternate Fuel Turbopump and new Large Throat Main Combustion Chamber (LTMCC)for
the planned introduction of the Block II Space Shuttle Main Engine (SSME). Block IIA engines will fly in mid FY 1998 and Block 11

in early FY 1999.

The major safety and performance upgrades and their initial flight dates are listed on the following chart on the next page.

MEASURES OF PERFORMANCE

The Safety and Performance Upgrade program is measured by the success it has in accomplishing the ongoing projects consistent
with approved schedule and cost planning. Success depends on developing/implementing these projects and to help ensure the
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Space Shuttle's safe operation, improve the reliability of the supporting elements, and improving efficiencies to reduce operational
costs. This budget addresses all elements of the Space Shuttle program and is managed through an approval process that ensures
that new projects are evaluated, approved and initiated on a priority basis, and that existing projects meet established cost and
schedule goals. Significant milestones are listed below:

Orbiter Improvements

Multifunction Electronic-Display System (MEDS) - MEDS is a state-of-the-art integrated display system that will replace the current
Orbiter cockpit displays with an integrated liquid crystal display system.

Complete MEDS Software Completed MEDS Software development and verification.
Qualification

Plan:  1st Qtr FY 1997

Actual: 27 Qtr FY 1997

Complete MEDS Complete hardware qualification testing and start hardware integration and verification testing.
Qualification Testing

Plan: 1stQtr FY 1996  The qualification program was extended through this date. No significant impact to initial operating

Revised: 1st Qtr FY 1998 capability is expected. Delay was due to change in glass supplier.

OV-104 Major MOD Installation and checkout of MEDS hardware in OV- 104 at Palmdale
Plan: 2nd Qtr Fy 1998
Actual: 2nd Qtr FY 1998

MEDS Initial Operational First flight of a MEDS equipped Orbiter. (OV-104/STS-92)
Capability (10C)
Plan: 2nd Qtr FY 1999

Global Positioning System (GPS) - GPS will replace the current TACAN navigational system in the Orbiter navigation system when
the military TACAN ground stations will be phased out in the year 2000. The planned readiness date for the Space Shuttle's system
is FY 1999.

Complete GPS Preliminary Completion of System Requirements Review will allow design drawings to proceed toward Critical
Design Review (PDR) Design Review (CDR)

Plan: 204 Qtr FY 1997
Actual: 2m Qtr FY 1997

Complete GPS System Completion of CDR will allow drawings to be released for production to proceed.
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Requirements Review
Plan: 2 Qtr FY 1997 Delay is due to the change from the original, single-string GPS, to the three-string GPS System.
Actual: 37 Qtr FY 1997

TACAN Removal Remove TACAN at Palmdale based on November 1997 go/no go decision.
Plan: 3 Qtr FY 1998

Orbiter Install Complete Installation and checkout of hardware on OV-104 at Palmdale.
Plan: 4t Qtr FY 1998

Complete GPS operational Initial operation of GPS without TACAN system.
capability
Plan: 20 Qtr FY 1999

Orbiter Maintenance Down Periods

Initiate Atlantis (OV-104) Conduct routine maintenance and structural inspection. Also install an external airlock, the MEDS
OMDP upgrade, and hardware for 3-String GPS capability.

Plan: 1st Qtr FY 1998
Initiate Columbia (OV-102) Conduct routine maintenance and structural inspection. Also, install the MEDS upgrade and
OMDP hardware for 3-string GPS capability.

Plan: 1st Qtr FY 1999
Propulsion Upgrades
Super Lightweight Tank - This performance enhancement is designed to provide 7,500 pounds of additional performance for the

Space Shuttle to allow rendezvous and operations with the International Space Station. Development was completed in FY 1997
with the successful proof test of the first unit.

Design Certification Review The Super Lightweight Tank will provide 7,500 pounds of performance through incorporation of an
Plan: 31 Qtr FY 1997 aluminum-lithium alloy in the external tank structure. Schedule revision was due to problems
Revised: 4t Qtr FY 1997 encountered in welding aluminum lithium.

Deliver first SLWT to KSC Final assembly and checkout will be conducted at the Michoud Assembly Facility (MAF)in New
for flight Orleans, Louisiana. Schedule revision was due to need to perform multiple proof tests to verify
Plan: 4th Qtr FY 1997 welds.
Revised: 2n4 Qtr FY 1998
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Space Shuttle Main Engine Safety Improvements - Introduction of Block | and Block Il changes into the Space Shuttle's Main

Engine program will improve the margin of safety by a factor of two. The interim Block 1A configuration (Block | without the High-

Pressure Fuel Turbo Pump (HPFTP))implements the safety and performance margins provided by the LTMCC while the HPFTP
development problems are solved. The last Block I1A flight is planned for FY 1999.

High Pressure Fuel
Turbopump Critical Design
Review (CDR)
Plan: 3rd Qtr FY 1996
Revised: 274 Qtr FY 1997
Revised: 1st Qtr FY 1998
Revised: 34 Qtr FY 1998

First flight of the Block 11
engine
Plan: 4th Qtr FY 1997
Revised: 1st Qtr FY 1998
Revised: 2nd Qtr FY 1998
Revised: 4t Qtr FY 1998

Completion of CDR will allow production to proceed for implementation of the Alternate Turbopump
high pressure fuel pump into the Block II Engine upgrade.

Revised due to testing delays

Opted for IIA configuration because of new HPFTP delays

Block II status under review at MSFC

The high pressure fuel turbopump will be combined with the LTMCC.
Revised due to testing delays

Opted for 11A configuration because of HPFTP delays.
Block II status under review at MSFC
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SPACE SHUTTLE PROGRAM SAFETY AND PERFORMANCE ENHANCEMENTS

HEDS STRATEGIC PLAN

Fiscal Year

1995

1996

1997

1998

1999

2000

2001

2002

Alternate Turbopump Development
-- Oxidizer Turbopump - First Flight

-- Fuel Turbopump - First Flight

Large Throat Main Combustion Chamber
- First Flight

Super Lightweight Tank - First Flight

Main Engine Phase Il + Powerhead -
First Flight

Auxilary Power Unit- New Gas
Generator Valve - Ready for Flight

Multifunction Electronic Display System -
First Flight

7/95

7/95

7197

5/98

1/98

5/98

NET
12/98

1/99
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Flight Operations and Launch Site Equipment Upgrades- Upgrades to the Mission Control Center were completed in FY

1997 period which improved operations reliability and maintainability and also took advantage of the state-of-the-art technology in
displays and controls. In addition, upgrades continued in FY 1998to the Launch Site Equipment at KSC will increase reliability

and reduce obsolescence.

Deliver first two Portable
Purge Units
Plan: 3t Qtr FY 1997
Actual: 3 Qtr FY 1997

CLCS Program Authority to
Proceed
Plan:  1st Qtr FY 1997
Actual: 1st Qtr FY 1997

First Launch Using CLCS
Plan: 1st Qtr FY 2001

Complete Migration of CLCS
to all Firing Rooms and
Simulators

Plan: 4t Qtr FY 2001

Construction of Facilities

Restore Firex Pumps and
Piping at LC-39

Complete Phase |
Plan: 3 Qtr. FY 97
Actual: 4th Qtr. FY 97

Start Phase II
Plan:  2nd Qtr. FY 96
Actual: 2nd Qtr. FY 97

First units delivered and tested by user.

Revised due to delay in award of contract.

The Checkout and Launch Control System (CLCS)replace the 1970's Launch Processing System
(LPS). Began the formal process of CLCS design and acquisition.

Launch the first Shuttle from a CLCS - equipped Launch Control Center.

CLCS fully operational for flight support. This will result in a significant reduction in operating
cost, up to 50%, of the current LPS.

Restoration is needed. Pumps are currently inadequate to provide spray coverage during an
emergency.

This project replaced underrated firex loop piping and components, and provides fire protection at
Pads A and B. Additional work necessary to complete the associated controls including control
cable installation and termination on Pad B.

This project removes and replaces existing Firex pumps, motors, refurbishes diesels, and installs a

new underground pipe between the pump station and Pads A and B. Completion of this project
scheduled for the 34 Quarter of FY 1999.
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Replace Component
Refurbishment and Chemical
Analysis Facility at KSC

Complete Phase |
Plan:  1st Qtr. FY 97

Actual: 3% Qtr. FY 97

Complete Phase I
Plan: 4th Qtr. FY 97
Revised: 1st Qtr. FY 98

Complete SSME Processing
Facility at KSC
Plan: 2nd Qtr. FY 98

Rehabilitation of 480V
Electrical Distribution System
at MAF

Start Phase I
Plan:  2nd Qtr. FY 97
Actual: 2n¢ Qtr. FY 97

Start Phase II
Plan: 1%t Qtr. FY 98

Start Phase III
Plan:  1st Qtr. FY 99

Complete Pad B Fixed Service
Structure (FSS)Elevator at
LC-39
Plan: 4t Qtr. FY 97
Actual: 4t Qtr. Fy 97

This facility was in non-compliance with OSHA standards and overcrowded and insulated with
asbestos.

Completing this effort in FY 1997 is earliest opportunity to comply with requirements during
cleaning and degreasing operations.

Complete activation of component refurbishment chemical analysis (CRCA)building.

Project provides for construction of an addition to the east end of the lower level of OPF-3 Annex to
provide shop area for SSME processing. The facility will allow for safely and efficiently processing
engines.

External Tank manufacturing building

Phase 1, Final Assembly Area Project will upgrade the power distribution system from below the
substation to the respective tools (Labor intensive project working over flight hardware). This phase
should be completed by the 274 Quarter of FY 1999.

Phase II, ET Sub-Assembly Area Project will upgrade the power distribution system from below the
substation to the respective tools. This phase should be completed in the 1st Quarter of FY 2000.

Phase 111, Substations 17A/ 17B will replace the core system, transformers, switch gear, breakers
and oil switches. Includes some cable, cable tray, and panel upgrades. This phase should be
completed in the 1st Quarter of FY 2001.

This project replaces the elevator cabs, cables and controls to eliminate severely deteriorated and
archaic equipment.
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Start Pad B Chiller This project replaces the aged facility chillers at Launch Complex 39, Pad B, and reconfigures the

Replacement at LC-39 system for more efficient maintenance. The planned completion date for this project is 24 Quarter
Plan: 2 Qtr. FY 97 of FY 1999.
Actual: 204 Qtr. FY 97
Start Rehabilitation of High This project initiates the restoration of the High Pressure Industrial Water Plant to insure system
Pressure Industrial Water reliability in support of the Space Shuttle Main Engine testing. The planned completion date of this
System at SSC project is 2nd Quarter of FY 1999.

Plan: 3 Qtr. FY 97
Actual: 1st Qtr.FY 97

Start Restoration of Pad A This project provides for repair and replacement of damaged Payload Change Out Room (PCR)wall
PCR Wall and Ceiling panels (Sides 1,2,3, & 4}, replacement or elimination of deteriorated and leaking access doors, and
Integrity at Launch Complex  other needed replacement and restoration. The modification will eliminate degrading flexducts and
(LC)-39 filter housings, improve pressurization of the PCR, provide an even distribution of air flow, and
Plan: 3 Qtr. FY 98 provide safe personnel access for maintenance and repair. This project is planned for completion in

the 1st Quarter of FY 2000.

Start Pad A Surface and Slope This project provides for repair of the Pad A surface concrete, pad slopes, and the crawlenvay grid
Restoration at LC-39 path. This project is scheduled to be completed in the 1st Quarter of FY 2000.
Plan: 3rd Qtr. FY 98

Start Repair of Pad A Flame This project provides for repair of the fire resistant surface of the Main and SRB flame deflector,
Deflector & Trench at LC-39 repair/replacement of damaged and corroded structural members, and repair/replacement of

Plan: 1st Qtr. FY 99 bricks in the Flame Trench wall. Plan completion date is 1st Quarter FY 2000.
Start Pad A FSS Elevator This project modifies the elevator structural on Pad B, and refurbishes the elevator cabs, cables and
restoration at LC-39 cableway. Planned completion date is the 1st Quarter of FY 2000.

Plan:  1st Qtr. FY 99

ACCOMPLISHMENTS AND PLANS

A significant portion of the Safety and Performance Upgrades (S&PU) budget is dedicated to avoiding and preventing deleterious and
costly effects of obsolescence, especially at a time when the program is undertaking the challenge of reducing the costs of
operations. This portion of the budget contains projects that impact every element of the Space Shuttle vehicle. The S&PU budget
will continue to support the replacement of the Orbiters' cockpit displays with Multifunction Electronic Display System (MEDS),
replacing Tactical Air Command and Navigation System (TACAN)with Global Positioning System (GPS), upgrading the T-38 aircraft
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with maintainable systems, replacing elements of the launch site complex, upgrading major elements of the training facilities at
Johnson Space Center, testing of main engine components at SSC, testing of Orbiter reaction control systems at the White Sands
Test Facility, and replacing critical subsystems in the Kennedy Space Center facility complex.

In addition, this request includes funds for Shuttle Supportability Upgrades which will maintain availability of the Space Shuttle
fleet for the foreseeable future.

The Space Shuttle program rationale for supportability upgrades is founded on the premise that safety, reliability, and mission
supportability improvements must be made in the Shuttle system to continue to provide safe and affordable operations into the next
century. These will enable safe and efficient Shuttle operations during the Space Station era while providing a robust testbed for
advanced technologies and a variety of customers.

The Space Shuttle Upgrade activity will be planned and implemented from a system-wide perspective. Individual upgrades will be
integrated and prioritized across all flight and ground systems, insuring that the upgrade is compatible with the entire program and
other improvements. Selection of new upgrades through the review process approved by the Associate Administrator for Space
Flight, the Program Management Council (PMC)and the Administrator will be utilized. Implementation authority and responsibility
will be delegated to the Lead Center Director for the Shuttle Program with the Shuttle Program Manager and the projects. Space
Shuttle upgrades will be developed and implemented in a phased manner supporting one or more of the following program goals:

- Improve Space Shuttle system safety and/or reliability

- Support the Space Shuttle program manifest/Space Station
- Improve Space Shuttle system support

- Reduce Space Shuttle system operations cost

The phasing strategy will be coordinated with the Reusable Launch Vehicle (RLV) project management, and other development
projects, to capture common technology developments, while meeting the Shuttle manifest. This phasing strategy should allow the
incorporation of additional, more comprehensive upgrades to the Space Shuttle system while benefiting other programs and
technologies. Candidate upgrades in the initial phases will utilize state-of-the-art technology and provide safety/reliability,
supportability, and/or cost (improvement) advantages. Candidate designs in the initial phases would maintain the current Shuttle
mold lines and system/subsystem interfaces.

Orbiter Improvements

Orbiter improvements provide for modifications and upgrades to ensure compatibility of the Space Shuttle vehicles with the new
Space Station operational environment. Orbiter weight reductions have been identified where operating experience or updated
requirements allow selected items to be changed without impact to crew safety or mission success. The Orbiter weight will be
reduced by changing the exterior thermal protection materials on certain portions of the Orbiter, deleting portions of the Orbital
Maneuvering and Reaction Control Systems (OMS/RCS) that are no longer required, changing the material on the "flipper doors"
that provide a seal between the Orbiter wing and its control surfaces, and development of lighter weight crew seats for the cockpit.
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There were several improvements implemented in the Space Shuttle vehicle in FY 1997. In the Orbiter, fuel cell single cell
monitoring system was installed in response to fuel cell problems encountered during STS-83. The new monitoring system was
developed and implemented in the first Orbiter in less than four months. Other Orbiter improvements included new Digital
Autopilot (DAP)software designed to reduce fuel consumption in orbit, and new launch trajectory software to increase performance
margins and enable the deletion of the Bermuda tracking station for communications during launch. The Solid Rocket Booster also
received several upgrades designed to reduce the expense of recovering and refurbishing the boosters. Those upgrades include a
saltwater activated mechanism to release the parachutes, improvements to the parachutes themselves, and a modification to the aft

skirt brackets.

During FY 1997, Endeavor (OV-105) completed its OMDP and has reentered the fleetin time to fly STS-89 in January 1998. In FY
1998, Atlantis (OV-104)will enter OMDP for normal maintenance, structural inspections, and will also be modified for docking with
the International Space Station.

The Multifunction Electronic Display System (MEDS)upgrade will replace the current Orbiter cockpit displays which are early
1970'stechnology. The current displays which provide command and control of the Space Shuttle are "single string" electro-
mechanical devices that are experiencing life related failures and are maintenance intensive. Difficulty in obtaining parts, some of
which are no longer manufactured, is becoming more prevalent. The MEDS upgrade is a state-of-the-art, multiple redundant liquid
crystal display (LCD)system. MEDS will enhance the reliability of the cockpit display system, resolve the parts availability problem,
and provide a much more flexible and capable display system for the crew. This upgrade will bring the Orbiter up to current aircraft
standards, benefiting the training of new astronauts directly. Secondary benefits of MEDS are reductions in the Orbiter's weight
and power consumption. The MEDS upgrade includes the design effort and production of modification kits for the four Orbiter
vehicles. New MEDS ground support hardware is also being designed. When procured and installed it will upgrade the appropriate
simulators, test equipment, and laboratories. MEDS will be installed in the Orbiters and tested during the planned OMDPs,

beginning with the FY 1998 OV-104 OMDP.

Expansion of the effort to replace the Orbiter's TACAN landing navigation system with the Global Positioning System (GPS)began in
FY 1995. This expansion will include an increased interaction of the GPS receiver with the Orbiter backup flight software, and
outfitting two more Orbiters with a GPS test receiver. A number of development flights will take place with increasing GPS
capability while still utilizing TACAN navigation. The first flight of a complete GPS system is planned for 1999.

Propulsion Upgrades

The most complex components of the Space Shuttle Main Engine (SSME)are the high pressure turbopumps. Engine system
requirements result in pump discharge pressure levels from 6000 to 8000 psi and turbine inlet temperatures of 2000 Degrees F. In
reviewing the most critical items on the SSME that could result in a catastrophic failure, 14 of the top 25 are associated with the
turbopumps. The current pumps' dependence on extensive inspection to assure safety of flight have made them difficult to produce
and costly to maintain. The Alternate Turbopump Program (ATP)contract with Pratt & Whitney was signed in December 1986 and
called for parallel development of both the High Pressure Oxidizer Turbopump (I-IPOTP)and the High Pressure Fuel Turbopump
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{(HPFTP) to correct the shortcomings of the existing high pressure turbopumps. This objective is achieved by: utilizing design,
analytical, and manufacturing technology not available during development of the original components; application of lessons
learned from the original SSME development program: elimination of failure modes from the design; implementation of a build-to-
print fabrication and assembly process: and full inspection capability by design. The turbopumps utilize precision castings,
reducing the total number of welds in the pumps from 769 to 7. Turbine blades, bearings, and rotor stiffness are all improved
through the use of new materials and manufacturing techniques. The SSME upgrades will expand existing safety margins and
reduce operational costs.

The SSME Powerhead is the structural backbone of the engine. The Phase 11+ Powerhead will reduce the number of welds, improving
producibility and reliability.

The heat exchanger uses the hot turbine discharge gases to convert liquid oxygen in a thin walled coil to gaseous oxygen for
pressurization of the external oxygen tank. The current heat exchanger coil has seven welds exposed to the hot gas environment. A
small leak in one of these welds would result in catastrophic failure. The new Single Coil Heat Exchanger eliminated all seven
critical welds and tripled the wall thickness.

The Large Throat Main Combustion Chamber (LTMCC)development will result in lower pressures and temperatures throughout the
engine system thereby increasing the overall Space Shuttle system flight safety and reliability. The wider throat area accommodates
additional cooling channels. Consequently, hot gas wall temperatures are significantly reduced increasing chamber life. The
LTMCC design also incorporates new fabrication techniques to reduce the number of critical welds and improve the producibility of
the chamber. Development on the powerhead, heat exchanger and LTMCC are all being performed under contract with the
Rocketdyne division of the Boeing North American Corporation.

The "block” change concept for incorporating changes into the main engine was introduced and baselined during FY 1994. The
Phase 11+ Powerhead, the Single Coil Heat Exchanger and the new high pressure oxidizer turbopump comprise Block I. This change
was introduced and flown for the first time in July 1995. The Block 11 is scheduled to be flown in early FY 1999and consists of the
Large Throat Main Combustion Chamber and the alternate high pressure fuel turbopump. The end result of these engine
improvements is an increase in the overall engine durability, reliability and safety margin, and producibility. This is consistent with
NASA's goals of decreasing failure probability and reducing Space Shuttle costs.

Increased safety margins and launch reliability on the Space Shuttle will also be realized through the implementation of new
sensors (temperature, pressure and flow) for use in the SSME. SSME history has shown that the engine is more reliable than the
instrumentation system; however, a transducer failure could result in a flight scrub or on-pad abort, failure to detect an engine
fault, or an in-flight abort. These sensor upgrades are essential to improving the reliability of the Space Shuttle's launch capability.

The SLWT program is a result of NASA's desire to enhance the payload capability of the Space Shuttle System to support the Space

Station Program. In FY 1996, the verification testing of the Aluminum Lithium Test Article (ALTA)was successfully completed. This
test demonstrated the capability of the liquid hydrogen barrel section of the SLWT to withstand flight loads with sufficient margin.
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The SLWT is due to complete final assembly and proof testing in January 1998 in preparation for delivery to KSC. First flight is
planned for May 1998 0n STS-91.

Flight Operations and Launch Site Equipment Upgrades

These upgrades support pre-launch and post-launch processing of the four Orbiter fleet. Key enhancements funded in launch site
equipment include: replacement hydraulic pumping units that provide power to Orbiter flight systems during ground processing;
replacement of 16-year old ground cooling units that support all Orbiter power-on testing: replacement of communications and
tracking Ku-band radar test set for the labs in the Orbiter Processing Facility and High Bays that supports rendezvous capability
and the missions: communications and instrumentation equipment survivability projects that cover the digital operational intercom
system, major portions of KSC's 17-yearold radio system, and the operational television system: improvement of the Space Shuttle
operations data network that supports interconnectivity between Shuttle facilities and other KSC and off-site networks: replacement
storage tanks and vessels for the propellants, pressurants, and gases: an improved hazardous gas detection system; and fiber optic
cabling and equipment upgrades.

A new Checkout and Launch Control System (CLCS)was approved for development at KSC in FY 1997. The CLCS will upgrade the
Shuttle launch control room systems with state-of-the-art commercial equipment and software in a phased manner to allow the
existing flight schedule to be maintained. The CLCS will reduce operations and maintenance costs associated with the launch
control room by as much as 50%, and will provide the building blocks to support future vehicle control system requirements. The
Juno and Redstone phases of the CLCS were delivered in FY 1997. In these phases the initial integration platform was defined, the
engineering platform was installed, and the interface with the math models was established.. The Thor and Atlas phases are
scheduled for completion in FY 1998. During these phases, the initial applications for the Orbiter Processing Facility will be
developed, the math models will be validated, an interface to the Shuttle Avionics Integration Lab will be established, and hardware
testing will be done. The Titan and Scout phases of CLCS are planned for FY 1999 during which Orbiter automated power-up will
be developed, peripheral locations will be upgraded, and selected vertical testing will be done. In FY 2000, the Delta and Saturn
phases will be accomplished which includes completion of all launch application development, completion of software certification
and validation, and a complete integrated flow demonstration. By the end of FY 2000, Operations Control Room- 1 will be fully
operation, followed by certification in FY 2001. The first Shuttle launch using the CLCS is scheduled for FY 2001 with full
implementation to be completed one year later.

The Hardware Interface Modules (HIM), which are electrical command distribution systems that support the launch processing
system (LPS)at KSC, are over 25 years old and have experienced an increased failure rate and higher cost of repair over the past
several years. The HIM upgrade replaces all chassis and cards with state-of-the-art "off the shelf' hardware to improve system
reliability and maintainability. Production and installation should be complete in FY 1999.

A cable plant upgrade at KSC replaces the miles of cables which support a wide variety of Space Shuttle facilities. Many of these

cables were installed in the 1960sand are suffering from corrosion and increasing failure rates. Replacement will reduce the
potential for disruption to critical Space Shuttle operations as well as have a direct maintenance benefit. This activity will reduce
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the possibility of launch delays, increase communication system spares availability, and enhance the reliability of data,
instrumentation, voice, and video communications. This upgrade will replace the wide-band distribution system and the
lead/antimony sheath cables with fiber optics and plastic sheath, gel-filled cable. In addition, many field terminals will be replaced
or upgraded. The upgrade should be complete in late FY 1998.

Funds for other activities include implementing required modifications and upgrades on the T-38 aircraft used for space flight
readiness training, capability improvements for weather prediction, and enhancements on information handling to improve system
monitoring, notably for anomaly tracking.

Construction of Facilities (CoF)

FY 1997 CoF funding was concentrated on KSC, MAF, and SSC facilities. At KSC, there were two projects which are both at Launch
Complex Pad B - the replacement of Pad B chiller system and the restoration of the Fixed Support Structure Elevator System. Both
systems are over 25 years old and are past their economic life expectancy. These systems are part of a critical path for launch
criteria assurance. At MAF, the rehabilitation and modification of the 480-volt electrical system are necessary to protect critical
manufacturing operations in the final assembly and major weld areas for the manufacturing of the External Tank (ET). At SSC, the
restoration of the High Pressure Industrial Water Plant included the overhaul of three diesel engines for the deluge water system
and two diesel engines for the electrical generation system. These engines drive the water pumps and electrical generators that
provide cooling water and reliable power for all three SSME test stands for flight certification and development testing.

FY 1998 CoF will provide for improvements for facilities at KSC and MAF. At MAF, this project is phase 1I of IV to rehabilitate the
480-volt electrical distribution system that is critical to the manufacturing of the external tank. At KSC, one project will be
restoring the walls and ceiling that provides a controlled environment to perform pre-flight services of Space Shuttle hardware at
Pad A/LC-39 Payload Change-Out Room (PCR). The other project at KSC will restore the concrete surfaces and slope of Pad A/LC-
39 structure.

FY 1999 CoF funding will provide for improvements for facilities at KSC and MAF. At KSC, there are two projects which are both at
Launch Complex Pad A - the restoration of the Fixed Support Structure Elevator System and the repair of the fire resistant surface
of the Main and SRB flame deflector, repair/replacement of damaged and corroded structural members, and repair/replacement of
bricks in the Flame Trench wall. At MAF, there are two projects Phase 11 of IV for the rehabilitation of the 480-volt electrical
distribution system and Repair Cell E Common solution return and lining. For additional details on these projects, please refer to

the Mission Support - Construction of Facilities budget.
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BASIS OF FY 1999 FUNDING REQUIREMENT

SHUTTLE OPERATIONS

FY 1997 FY 1998 Fy 1999
(Thousands of Dollars)

Orbiter and iNtegration ......ccccceevivvccssnnreeee e 492,600 502,900 573,400
(O L oYL (=] o S PPRPR [124,7001 [126,2001 [113,9001
[SyStem integration] .o [367,900] [376,700] [459,500]

PropulSion ... 1,124,700 1,061,800 1,093,400
[Externaltank] .....ccccoeeceinnmmmmmmnnnmnnnnnnnmnmnmsrmmsrsrmrmrerm. (352,400] [341,300} [404,800]
[Space shuttle main engine]....ccccocevrrveerrceeeriee e [208,3001 [204,600] [175,600]
[Reusable solid rocket Mmotor] ...cccceccveeiiicineenisineeesssneen, [412,8001 [380,400] [362,700]
[Solid rocket bOOSter].....ccovvviimimiriri e (151,2001 {135,5001 (150,3001

Mission and launch Operations.. ....ccocceverrerseessenseeeeseens 847,600 804,700 820,600
[Launchand landing operations]....cc.ccccernennensensinnnnnens {801,400] (710,100] {728,400]
[Missionand crew operations].....ccccevierrsieesssnrenssssessssneens 46,200] 194.6001 92,200]

TOtAL. . eeeeeiiiireiee e 2.464.900 2.369.400 2.487.400

GENERAL

Space Shuttle operations requirements are met through a combination of funds received from Congressional appropriations and
reimbursements received from customers whose payloads are manifested on the Space Shuttle. The reimbursements are applied
consistent with the receipt of funds and mission lead times and are subject to revision as changes to the manifest occur. The

FY 1998 planned standard service reimbursements total $1 1.9 million, with $57.4 million (due to the Shuttle Radar Topograpy
Mission) in reimbursements assumed for FY 1999, which offset the total budget for the Space Shuttle, and have been assumed in
the NASA direct funding requirements identified above for this budget request.

The Space Shuttle operations budget includes sustaining engineering, hardware and software production, logistics, flight and
ground operations, and flight crew operations for all elements while continuing to pursue environmentally necessary operations and
manufacturing improvements. The single, prime contract is the Space Flight Operations Contract (SFOC) held by United Space
Alliance comprising almost one-half of the Operations budget. As development items are completed, additional effort will be
transitioned into SFOC.
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Orbiter and Integration
The Orbiter project element consists of the following items and activities:

(1)  Orbiter logistics: spares for the replenishment of Line Replacement Units (LRUs) and Shop Replacement Units (SRUs)
along with the workforce required to supportthe program:

(2) Production of External Tank (ET) disconnect hardware:

(3) Flight crew equipment processing as well as flight crew equipment spares and maintenance, including hardware to support
Space Shuttle extravehicular activity:

(4) Various Orbiter support hardware items such as Pyrotechnic-Initiated Controllers (PICs), NASA Standard Initiators (NSI's),
and overhauls and repairs associated with the Remote Manipulator System (RMS}; and

(5) The sustaining engineering associated with the Orbiter vehicles.

The major contractors for these Orbiter activities are United Space Alliance for operations: Boeing North American for External Tank
disconnects and Orbiter sustaining engineering: and Hamilton Standard and Boeing for flight crew equipment processing.

System integration includes those elements managed by the Space Shuttle Program Office at the Johnson Space Center (JSC) and
conducted primarily by United Space Alliance, including payload integration into the Space Shuttle and systems integration of the
flight hardware elements through all phases of flight, Payload integration provides for the engineering analysis needed to ensure
that various payloads can be assembled and integrated to form a viable and safe cargo for each Space Shuttle mission. Systems
integration includes the necessary mechanical, aerodynamic, and avionics engineering tasks to ensure that the launch vehicle can
be safely launched, fly a safe ascent trajectory, achieve planned performance, and descend to a safe landing. In addition, funding is
provided for multi-program support atJSC.

Propulsion

External Tanks/Super Lightweight Tanks are produced by Lockheed Martin Corporation in the Government-Owned/Contractor-
Operated (GOCO)facility near New Orleans, LA. This activity involves the following:

(1) Procurement of materials and components from vendors:

(2) Engineering and manufacturing personnel and necessary environmental manufacturing improvements.
(3) Supportpersonnel and other costs to operate the GOCO facility: and

(4) Sustaining engineering for flight support and anomaly resolution.

The program began delivering Super Lightweight Tanks to KSC in support of the performance enhancement goal required by the
Space Station in Fy 1998. Only recurring costs associated with the Super Lightweight Tank are included in this account. Non-
recurring costs are accounted for in the Safety and performance Upgrades budget. The External Tank contract is scheduled to be
transitioned into Phase Il SFOC in FY 1999.
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The Space Shuttle Main Engine (SSME)operations budget provides for overhaul and repair of main engine components,
procurement of main engine spare parts, and main engine flight support and anomaly resolution. In addition, this budget includes
funding to the Department of Defense for Defense Contract Management Command (DCMC)support in the quality assurance and
inspection of Space Shuttle hardware: and funds for transportation and logistics costs in support of SSME flight operations.
Rocketdyne, a division of Boeing North American Corporation, provides the bulk of the engine components for flight as well as
sustaining engineering, integration, and processing of the SSME for flight.

The Solid Rocket Booster (SRB) project supports:

(1) Procurement of hardware and materials needed to support the flight schedule:

(2) Work atvarious locations throughout the country for the repair of flown components:

(3) Workforce at the prime contractor facility for integration of both used and new components into a forward and an aft
assembly; and

(4) Sustaining engineering for flight support.

USBI, Inc., is the prime contractor on the SRB and conducts SRB retrieval, refurbishment and processing at KSC. USBI completed
the process of consolidating their workforce at Kennedy Space Center from Huntsville, Alabama. The SRB contract is the first major
element to be transitioned into Phase II of the SFOC Contract in FY 1998.

The Reusable Solid Rocket Motor (RSRM) project includes:

(1) Purchase of solid rocket propellant and other materials to manufacture motors and nozzle elements.

(2) Workforce to repair and refurbish flown rocket case segments, assemble individual case segments into casting segments
and other production operations including shipment to the launch site:

(3) Engineering personnel required for flight support and anomaly resolution: and

(4) New hardware to supportthe flight schedule required as a result of attrition.

Thiokol of Brigham City, Utah is the prime contractor for this effort.

Mission and Launch Operations

Launch and Landing Operations provides the workforce and materials to process and prepare the Space Shuttle flight hardware
elements for launch as they flow through the processing facilities at the Kennedy Space Center (KSC). The primary contractor is
United Space Alliance. This category also funds standard processing and preparation of payloads as they are integrated into the
Orbiter, as well as procurement of liquid propellants and gases for launch and base support. It also provides for support to landing
operations at KSC (primary), Dryden Flight Research Center (back-up)and contingency sites.

Operation of the launch and landing facilities and equipment at KSC involves refurbishing the Orbiter, stacking and mating of the
flight hardware elements into a launch vehicle configuration, verifying the launch configuration, and operating the launch
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processing system prior to lift-off. Launch operations also provides for booster retrieval operations, configuration control, logistics,
transportation, inventory management, and other launch support services. This element also provides funds for:

(1) Maintaining and repairing the central data subsystem, which supports Space Shuttle processing as an on-line element of
the launch processing system;

(2) Space Shuttle-related data management functions such as work control and test procedures:

(3) Purchase of equipment, supplies and services: and

(4) Operations support functions including propellant processing, life support systems maintenance, railroad maintenance,
pressure vessel certification, Space Shuttle landing facility upkeep, range support, and equipment modifications.

Mission and Crew Operations include a wide variety of pre-flight planning, crew training, operations control activities, flight crew
operations support, aircraft maintenance and operations, and life sciences operations support. The primary contractor is US
Alliance. The planning activities range from the development of operational concepts and techniques to the creation of detailed
systems operational procedures and checklists. Tasks include:

(1) Flight planning;

(2) Preparing systems and software handbooks:

(3) Defining flight rules;

(4) Creating detailed crew activity plans and procedures:

(5) Updating network system requirements for each flight:

(6) Contributing to planning for the selection and operation of Space Shuttle payloads; and
(7) Preparation and plans for International Space Station assembly.

Also included are the Mission Control Center (MCC),Integrated Training Facility (ITF),Integrated Planning System (IPS),and the
Software Production Facility (SPF). Except for the SPF (Space Shuttle only), these facilities integrate the mission operations
requirements for both the Space Shuttle and International Space Station. Flight planning encompasses flight design, flight analysis,
and software activities. Both conceptual and operational flight profiles are designed for each flight, and the designers also help to
develop crew training simulations and flight techniques. In addition, the flight designers must develop unique, flight-dependent
data for each mission. The data are stored in erasable memories located in the Orbiter, ITF Space Shuttle mission simulators, and
MCC computer systems. Mission operations funding also provides for the maintenance and operation of critical mission support
facilities including the MCC, ITF, IPS and SPF. Finally, Mission and Crew Operations include maintenance and operations of
aircraft needed for flight training and crew proficiency requirements. Other support requirements are also provided for in this
budget, including engineering tasks at JSC which support flight software development and verification. The software activities
include development, formulation, and verification of the guidance, targeting, and navigation systems software in the Orbiter. The
Flight Software Contract with Lockheed Martin will transition into the Phase II of the SFOC Contract in FY 1998.

HSF 3-23



PROGRAM GOALS

The goal of Space Shuttle Operations is to provide safe, reliable, and effective access to space. The flight rate for the program
continues to be budgeted at an average of seven flights annually with surge capability to eight flights. Eight flights were flown in
FY 1997, and six flights are planned in FY 1998. Eight flights are planned for FY 1999.

STRATEGY FOR ACHIEVING GOALS

The Space Shuttle program is aggressively continuing to reduce the cost of operations. Since FY 1992, cost reduction efforts have
been successful in identifying and implementing program efficiencies and specific content reductions. Space Shuttle project offices
and contractors have been challenged to meet reduced budget targets.

United Space Alliance (USA) was awarded the Space Flight Operations Contract (SFOC)on October 1, 1996. It includes a phased
approach to consolidating operations into a single prime contract for operational activities. The first phase began in late 1996 with
12 operational and facility contracts being consolidated from the majority of the effort previously conducted by Lockheed Martin and
Boeing North American (the two corporations which comprise the US Alliance joint venture). The second phase will add other
operations work to the contract after the contractor has had an appropriate amount of time to evolve into its more responsible role
in phase I. Transition will take another 1-2years and employ approximately 7300 equivalent persons at steady state. All
transitions will be completed in FY 2000. The reasons for this phased approach are two-fold:

1. The ongoing major development projects (e.g. SLWT, MEDS, ATP, etc.) will be completed.
2. The transition to the prime can occur at a more measured pace.

The roles and missions of the contractor and government relationships have been defined to insure program priorities are
maintained and goals are achieved. The SFOC contractor is responsible for flight, ground, and mission operations of the Space
Shuttle. The accountability of its actions and those of its subcontractors will be evaluated and incentivized through the use of a
combined award/incentive fee structure of the performance-based contract. NASA as owner of assets, customer of operations
services, and director of launch/flight operation, is responsible for (a)surveillance and audit to ensure compliance with SFOC
requirements, and (b)internal NASA functions. Further, NASA retains chairmanship of control boards and forums responsible for
acceptance/rejection/waiver of Government requirements while the SFOC contractor is responsible for requirement implementation.
The SFOC contractor is required to document and maintain process/controls necessary to ensure compliance with contract
requirements and to sign a certification of flight readiness (CoFR] to that effect for each flight..

MEASURES OF PERFORMANCE

Since the Space Shuttle program has both an operational and development component, performance measures related to the Space
Shuttle program reflect a number of different activities ranging from missions planned and time on-orbit in Shuttle Operations, to
development milestones planned for the Safety and Performance Upgrades program. The following sets of diverse metrics can be
utilized to assess overall program performance.
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FY 1997

Ouerations Metrics Revised
plan
Number of Space Shuttle Flights* 7
Shuttle Operations Workforce (Prime Contractor 16,519
(equivalent personnel))
Space Shuttle Processing Overtime Required 3%
Number of Days On-orbit 90
Number of Primary Payloads Flown 9

* Mission added for MSL- 1 Reflight (STS-94).

Space Shuttle Missions and Primary Pavloads

FY 1997
STS-80/C0lumbia
STS-8 1/Atlantis
STS-82/Discovery
STS-83/Columbia
STS-84/Atlantis
STS-94/Columbia
STS-85/Discovery
STS-86/Atlantis

FY 1998
STS-87/Columbia
STS-89/Endeavour
STS-90/Columbia
STS-91/Discovery
STS-88/Endeavour
STS-93/Colunibia

FY 1999
STS-95/Discovery
STS-96/Endeavour
STS-92/Atlantis
STS-97 /Discovery
STS-98/Endeavour
STS-99/Atlantis
STS- 100/ Discovery
STS- 101/Endeavour

Wake Shield Facility-3 (WSF-3)/OREFUS-SPAS-02
Russian Space Station Mir (Mir-5)/Spacehab

Hubble Space Telescope Servicing Mission (MST SM-02)
Microgravity Science Laboratory (MSL- 1)

Russian Space Station Mir (Mir-6)/Spacehab

MSL Reflight

Japan Manipulator Flight Demonstiration/CRISTA-SPAS-02

Space Station Mir (Mir-7)

Microgravity Payload (USMP-04)/Spartan 201-04
Russian Space Station Mir (Mir-8}/Spacehab
Neurolab

Russian Space Station Mir (Mir-9)/Spacehab
Space Station #1 (Node 1) (ISS-01-2A)

AXAF (underreview)

Hubble Orbital System Test (HOST)/Spacehab

Space Station #2 Spacehab Cargo Module (ISS-02-2A. 1)
Space Station #3 (ITS-Z 1){ISS-03-3A)

Space Station #4 (PV Module) (ISS-04-4A)

Space Station #5 (US Lab) (ISS-05-5A)

Space Station #6 (MPLM) (ISS-06-6A)

Space Station #7 (Airlock (1SS-07-7A)

Shuttle Radar Topography Mission (SRTM)

16,519

FY 1998

Actual Plan

8 7

16,478

3% 3%

94 76

10 8
plan

November 1996
December 1996
February 1997
March 1997
May 1997

July 1997
September 1997

plan

November 1997
January 1998
April 1998
May 1998

July 1998
August 1998

plan

October 1998
December 1998
January 1999
April 1999

May 1999

June 1999
August 1999
September 1999

16,023

FY 1999

Current Plan
6 8
15,550
3% 3%
68 90
8 9

Actual
November 1996
January 1997
February 1997
April 1997

May 1997

July 1997
August 1997
September 1997

November 1997
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The Space Shuttle program currently provides launch support for space science missions accommodating universities and industry
as a space laboratory and technology research vehicle. Beginning in FY 1998, its primary mission will be to support the on-orbit
assembly and operations of the International Space Station. The Shuttle is also the only U.S. vehicle that provides human
transportation to and from orbit. In FY 1997, 52 crew members flew approximately 818 days, including time spent by an American
astronaut aboard Mir. In FY 1998,37 crew members are planned to fly approximately 669 days, including time spent by American
astronaut aboard Mir. This will be followed by approximately 60 crew members flying 810 crew days in FY 1999, including time
spent by Americans aboard the International Space Station.

To supplement the network of management reviews and government oversight functions, NASA continues to seek specific objective
measurements of overall performance of the Space Shuttle program. In order to permit rapid review by the program managers, the
Shuttle program has devised a series of "stoplight" metrics. The metrics are devised whereby certain program aspects are measured
against established limits or program parameters and then translated into the appropriate green, yellow or red indicators. Among
the metrics displayed in this manner are in-flight anomalies, monthly cost rate, Shuttle processing monthly mishaps, Orbiter
systems and line replaceable unit (LRU) problem reports, Shuttle processing contract overtime percentage, arid KSC quality
surveillance error rate. The Shuttle program also tracks its launch history, monitoring the number of liftoff attempts per mission,
and characterizing any delays or scrubs as to technical, weather or operational-related reasons.
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ACCOMPLISHMENTS AND PLANS

In FY 1997, the Space Shuttle launched eight flights successfully including three flights to the Russian Mir Space Station.
Additional flights deployed the Wake Shield Facility (WSF-3)and OREFUS-SPAS-02; and the Japan Manipulator Flight
Demonstration as well as CRISTA-SPAS-02 pallet mission. The second Hubble Space Telescope Servicing Mission was conducted,
and the Microgravity Science Laboratory (MSL) was flown twice.

The six flights manifested for FY 1998 include a major microgravity payload, the last Spacelab mission (Neurolab),and two more
resupply flights to the Russian Space Station Mir. The Space Shuttle will also make its first assembly flight to the International
Space Station. Finally the Space Shuttle plans to deploy the last of the “Great Observatories” when it launches the Advanced X-Ray
Astrophysics Facility (AXAF).

Eight flights will be flown during FY 1999, including six International Space Station assembly flights. In addition, the last two
dedicated research missions will be flown; one on Spacehab, and the Shuttle Radar Topography Mission (SRTM),ajoint DOD/NASA
payload to study the earth.
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SHUTTLE LAUNCH HISTORY

30 for 30 LAUNCHES MEETING OUR COMMITMENT

22 for 22

(STS-61 thru STS-87)

4 OUTSID
MIN. WIND

O

STS-64 : Weather in the RTLS area

STS-72 : Computer communication problem
STS-83 :Late tanking & hatch closeout cover
STS-94: Weather at KSC

11/19/97
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HUMAN SPACE FLIGHT
FISCAL YEAR 1999 ESTIMATES
BUDGET SUMMARY

OFFICE OF SPACE FLIGHT PAYLOAD UTILIZATION AND OPERATIONS

SUMMARY OF RESOURCES REQUIREMENTS

Page
FY 1997 FY 1998 FY 1999 Number
(Thousands of Dollars)

Spacelab....cciiiiiii 40.100 11,900 - HSF 4-3
Payload processing and SUPPOTT .oveeeiviiiiineee i 45,900 43,900 39,200 HSF 4-6
Expendable launch vehicle SUPPOIt ..cccocvviviiie i, [36,900] [39,000] 31,500 HSF 4-8
Advanced Projects oo 34,700 46,700 10,000 HSF4-10
Engineering and technical base ..........cccoeee i, 144,600 102,900 101,300 HSF4-18

JLIC L LR 265,300 205,400 182,000
Distribution of Program Amount bv Installation
Johnson Space CENLEr i 91,221 82,900 48.500
Kennedy Space Center ....oovvvvviiiivirvinininininininnsnsrrreereneeeeees 67,600 47,900 73,600
Marshall Space Flight Center ....ccccvciiieviiniiiiieee e, 92,946 47,775 48,800
Stennis SPace CeNEr v 1,700 1,400 1.500
Ames Research Center ... 135 -- --
Langley Research Center....ccccccociiiiiiiiiiinnienie e sssiisnene 500 -- --
Lewis Research Center ....ccccccceiiiccccc e, 299 -- -~
Goddard Space Flight Center....cciiiieiiiiinieneesiinnen 7,400 10,700 7,300
Jet Propulsion Laboratory ......cccccccnviiiniiniiiiinininnnnnencenn, 250 -- --
HeadqUAITErS .ot 3,249 14,725 2,300

TOLAL e 265,300 205,400 182.000
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PROGRAM GOALS

The primary goals for the funding requested in Payload Utilization and Operations are to support the processing and flight of shuttle
payloads, to ensure maximum return on the research investment, to reduce operations costs, to continue implementing flight and
ground systems improvements, and to support strategic investments in advanced technology needed to meet future requirenients.

STRATEGY FOR CHIEVING GOALS

The principal areas of activity in the Payload Utilization and Operations program are: 1) provide safe and efficient payload
preparations and launch and landing services while reducing costs of Space Shuttle-related services: 2) provide mission planning,
integration and processing for science application missions utilizing Spacelab hardware through the Neurolab mission scheduled for
FY 1998; 3)within Advanced Projects, identify and develop advanced technology to support Shuttle, International Space Station
(ISS) and future Human Exploration and Development of Space programs to improve safety and reduce costs, promote space
commercialization and technology transfer, and manage the agency’s Orbital Debris program; and 4) within Engineering and
Technical Base (ETB), empower a core workforce to operate Human Space Flight laboratories, technical facilities, and test beds, and
stimulate science and technical competence in the United States. The Payload Utilization and Operations budget reflects a
commitment to meet a wide array of programs ranging from Spacelab missions, flight hardware development and integration, space
flight safety projects. and maintenance of an institutional base from which to perform NASA programs at reduced cost through re-
engineering, consolidation and operational efficiency processes.

Beginning in FY 1999, funding for Expendable Launch Vehicle (ELV} mission support will be consolidated in this account. This
represents a change for the FY 1998 budget and operating plans where the ELV mission support was funded under Earth Science
(formerly Mission to Planet Earth) and Space Science accounts. This action is being taken to align funding and management
responsibilities consistent with the decision on transferring management responsibilities to the Office of Space Flight. The
consolidation will assign the KSC the operational program management, with the engineering support and technical advice and
assistance provided principally by the MSFC. This is expected to result in even greater efficiencies in launch operations support,
largely centered around the KSC and the Cape Canaveral Air Force Station in Florida.
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BASIS OF FY 1999 FUNDING REQUIREMENT

SPACELAB
FY 1997 FY 1998 FY 1999
(Thousands of Dollars)
Spacelab..... et e e e e et e e e raraar 40,100 11,900

PROGRAM GOALS

Spacelab is a versatile, reusable, cost-effective observatory and laboratory facility located in the Space Shuttle payload bay.
Spacelab supports a wide variety of science and technology development experiments which are developed by the utilizing programs
within NASA and other external organizations. Spacelab serves as both an observatory and a laboratory, giving scientists the
opportunity to conduct a large variety of scientific experiments in the unique environment of space.

STRATEGY FOR ACHIEVING GOALS

Ten foreign nations, including nine members of the European Space Agency (ESA),participated in the joint Spacelab development
prograni with NASA. The ESA designed, developed, manufactured and delivered the first set of Spacelab hardware which consisted
of a pressurized module, five pallets, subsystem support hardware (e.g. igloo, Instrument Pointing Subsystem (1PS),racks, avionics,
computers) and much of the ground support hardware and flight and ground software.

Spacelab is configured within the orbiter bay in numerous ways to accommodate scientific experiments in the unique environment
of space. "Hands on" experiments requiring astronaut participation use the pressurized module configuration. Experiments not
requiring a pressurized environment, or requiring visual access to space, use the unpressurized pallet configuration. The module is
pressurized and thermally controlled to enable astronauts to work in a "shirt sleeve" environment. Easy crew access from the
orbiter middeck to the module is enabled by the Spacelab tunnel. Module missions largely consist of life and microgravity sciences
experiments.

Spacelab pallet missions are designed to accommodate up to five pallets in the orbiter bay, depending on the experiment
requirements. In the event the experiment requires the use of the Spacelab computers and other avionics hardware which must be
protected from the space environment, the igloo is used to house the hardware and is flown as an attachment to the pallet. Other
pallet configurations include the Spacelab pallet system (SPS). One configuration supports missions requiring the use of the
Spacelab computer system and pallet in a mixed cargo configuration (i.e., more than one major payload flown in the orbiter bay
rather than a single major payload flown using the igloo subsystem).

Spacelab operations support is comprised of mission planning, mission integration, and flight and ground operations. This includes
integration of the flight hardware and software, mission independent crew training, systems operation support, payload operations
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control support, payload processing, logistical support and sustaining engineering. Support software and procedures development,
testing, and training activities are also included in NASA's funding request. The Spacelab operations cycle is repealed with each
Spacelab flight, but with a different payload complement. This cycle consists of two processing integration steps. Spacelab Level IV
processing performs the integration and checkout of the experiment equipment with individual experiment mounting elements like
racks, rack sets, and pallet segments, and is funded by the payload sponsor. This activity is normally performed at the Kennedy
Space Center {KSC) but is not part of the Spacelab operations budget. Spacelab Level 111/11 processing then combines and integrates
all experiment mounting elements such as racks, rack sets and pallet segments, which have the experiment equipment already
installed and ready for checkout with the Spacelab software. This processing activity is also performed at KSC and is funded under
the Spacelab budget.

Spacelab operations also funds smaller secondary payloads like the Get-Away Specials (GAS)and Hitchhiker payloads. The GAS
payloads are research experiments which are flown in standard canisters that can fit either on the side-wall of the cargo bay or
across the bay on the GAS bridge. They are the simplest of the small payloads with limited electrical and mechanical interfaces.
Approximately 141 GAS payloads have been flown. The Hitchhiker payloads are the more complex of the smaller payloads, and
provide opportunities for larger, more sophisticated experiments. The Hitchhiker system employs two carrier configurations: (1)a
configuration on the orbiter payload bay side-wall and (2)a configuration across the payload bay using a multi-purpose experiment
support structure (MPESS). During the mission, the Hitchhiker payloads can be controlled and data can be received using the aft
flight deck computer/standard switch panels or from the ground through the payload operations control center (POCC]).

Payload analytical integration is the responsibility of the Payload Projects Office at the Marshall Space Flight Center (MSFC),and is
supported by a contract with Boeing. Physical payload integration and processing is the responsibility of the Payload Management
and Operations Office at the KSC, and is also supported by a contract with Boeing.

Another item funded in Spacelab operations is the Flight Support System (FSS}. The FSS consists of three standard cradles with
berthing and pointing systems along with avionics. It is used for on-orbit maintenance, repair, and retrieval of spacecraft. The FSS
is used on the Hubble Space Telescope (HST) repair/revisit missions.

The last Spacelab flight is scheduled for early 1998, with the advent of the more permanent science laboratory flown by the
International Space Station (ISS).

In FY 1998, Spacelab operations funding for GAS, Hitchhiker payloads and the FSS was transferred to the Payload Processing and
Support budget.
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MEASURES OF PERFORMANCE

Spacelab Missions plan Actual
Microgravity Science Laboratory (MSL-1) March 1997 April 1997
Microgravity Science Laboratory (MSL-1} Reflight July 1997
United States Microgravity Payload (USMP-4) October 1997 November 1997
Space Life Sciences Laboratory-4 (Neurolab) March 1998 April 1998
FY 1997 FY 1998 Fy 1999
Flight Hardware Utilized plan Actual plan Revised plan
Long Module 1 2 1 1 --
Multi-Purpose Experiment Support - 1 1 1 --
Structures (MPESS)
Hitchhiker Experiments 14 13 5 8 4+TBD
Get Away Special Payloads 2+TBD 3 2+TBD 7+TBD TBD

Contractor Workforce

KSC (Boeing) 228 186 73 0 0
MSFC (Boeing) 158 135 62 70 0

ACCOMPLISHMENTS AND PLANS

In FY 1997, Development of the Student Experiment Module (SEM)was completed and the first flight of the SEM Pilot Program
(SEM-1)was in October 1996. The Spacelab program supported requirements to fly Microgravity Science Laboratory (MSL-1) and
MSL-1 reflight missions, 13Hitchhiker payloads and 3 Get Away Special (GAS) payloads were flown. Reimbursable funds of
$435,000 were received in FY 1997 to cover processing costs for GAS and Hitchhiker payloads.

Regarding FY 1998 activities, The Spacelab program will support requirements and provide the infrastructure to fly the United
States Microgravity Payload (USMP-4)and Neurolab missions. Because the Spacelab program is being terminated in FY 1998, the
Hitchhiker, GAS, and FSS programs are being transferred to the Payload Carriers and Support program. Following the Neurolab
mission, the final Spacelab program phase-down will occur including disposition of hardware and software and closing the high bay
in the Operations and Checkout facility at KSC. In FY 1998and subsequentyears, significant reductions in both laboratory support
and civil service workforce will occur from discontinuing the Spacelab program.
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BASIS OF FY 1999 FUNDING REQUIREMENT

PAYLOAD PROCESSING AND SUPPORT

FY 1997 FY 1998 FY 1999
(Thousands of Dollars)

Payload processing and support 45,900 43,900 39,200

PROGRAM GOALS

The primary goal for payload processing and support is to provide the capability to safely and efficiently assemble, test, checkout.
service, and integrate a wide variety of Space Shuttle spacecraft and space experiments.

STRATEGY FOR ACHIEVING GOALS

The payload processing and support program provides the technical expertise, facilities and capabilities necessary to perform:
payload buildup: test and checkout: integration and servicing of multiple payloads; transportation to the launch vehicle; and
integration and installation into the launch vehicle. Included in this program are operational efficiencies gained to date, as well as
additional anticipated efficiencies to reduce cost and improve customer satisfaction. Efficiencies already in place have reduced
processing time and error rate. Due to the termination of the Spacelab program in FY 1998, the Hitchhiker, Get Away Special (GAS)
and Flight Support System (FSS) program became part of the Payload Processing and Support program in FY 1998.

MEASURES OF PERFORMANCE

FY 1997 FY 1998 FY 1999
Missions Subported plan Actual plan Revised plan
Space Shuttle Missions 7 8 7 6 8
Spacelab Payloads 1 2 2 1 --
Hitchhiker Experiments 14 13 5 6+TBD 4+TBD
Get-Away Special Payloads 2+TBD 3 2+TBD 7+TBD TBD
Mir Missions 3 3 2 2 1
Other Major Payloads 5 5 5 4 --
Other Secondary Payloads - -- - 21 TBD
Expendable Launch Payloads 10 4 8 8 8
Number of Pavload Facilities Operating at KSC 6 6 6 6 6
KSC Payload Ground Operations (PGOC) Workforce 360 330 360 366 312
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ACCOMPLISHMENTS AND PLANS

The FY 1997 funding provided payload processing and support for eight Space Shuttle missions, as well as the necessary customer
payload processing facilities and support for over 26 major and secondary payloads. Among the payloads processed in FY 1997
include the first flight of the Student Experiment Module (SEM) Pilot Program (SEM- 1) in October 1996. The Spacelab program
supported requirements to fly Microgravity Science Laboratory (MSL- 1)and MSL- 1 reflight missions, 13 Hitchhiker payloads and 3
Get Away Special (GAS)payloads were flown. Because the Spacelab program is being terminated in FY 1998, the Hitchhiker, GAS
and FSS programs are being transferred to the Payload Processing and Support program. In FY 1998 and subsequent years,
significant reductions in both laboratory support and civil service workforce will occur from discontinuing the Spacelab program.

In FY 1998, Payload Processing and Support will provide launch and landing payload support activities for six Space Shuttle
missions and payload processing support and facilities used for nine manifested major payloads, including the last two Spacehab
missions to Mir and one ISS flight (first element launch). Over 25 manifested payloads will be supported, including U.S.
Microgravity payload (USMP-4), Neurolab, Spartan 201-04, Advanced X-Ray Astrophysics Facility (AXAF), Shuttle Mir missions
((SYMM-8, 9}, Alpha Magnetic Spectrometer (AMS), two International Space Station {ISS-01-2A, 02-3A) assembly flights, and several
secondary payloads. Reimbursable funds of $505,000are expected to be received in FY 1998 to cover processing costs for GAS and
Hitchhiker payloads. Payload processing facility support will be provided to ELV payloads such as TRACE, LANDSAT 7, Deep

Space-1, EOS-AM1, Cassini, and NOAA-K. Plans are to deactivate the Spacecraft Assembly and Encapsulation Facility at the end of
FY 1998.

In FY 1999, Payload Carriers and Supportwill provide launch and landing payload support activities for eight Space Shuttle
missions, including the HOST, Shuttle Radar Topography Mission (SRTM) and STS-95 (a“sciencetransition mission” Spacehab
flight): and payload processing support and facilities for ten manifested major payloads, including six ISS flights (planned assembly
missions 2-7). A number of secondary payloads will also be supported. Payload processing facility support will be provided to ELV
payloads such as WIRE, SWAS, GOES-L and TDRS F-8.
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BASIS OF FY 1999 FUNDING REQUIREMENT

EXPENDABLE LAUNCH VEHICLE SUPPORT

FY 1997 FY 1998 FY 1999
(Thousands of Dollars)

Expendable Launch Vehicle Support [36,900] [39,000] 31,500

PROGRAM GOALS

The goals of the Expendable Launch Vehicle (ELV) mission support will be to enhance probability of mission success and on-time
cost effective launch services for NASA missions undertaken in support of NASA's strategic plan through a core of high quality
technical experts in launch service acquisition and management for all classes of expendable launch vehicles, to provide
comprehensive advanced mission analysis and feasibility assessments for NASA payload customers, to increase efficiency in launch
site operations and countdown management, and to provide low cost secondary payload opportunities.

STRATEGY FOR ACHIEVING GOALS

NASA has consolidated ELV management and acquisition of launch services at Kennedy Space Center (KSC). Effective in FY 1999,
all funding for mission support will likewise be transitioned from the Office of Space Science and the Office of Mission to Planet
Earth within the Office of Space Flight, consistent with assignment of responsibility for ELV management to OSF.

KSC is responsible for acquiring requisite launch services to meet all Enterprise requirements and to increase the probability of
mission success through focused technical insight of commercially provided launch services. This technical management is
performed by a core team of civil servants and contractor support located, primarily at KSC. KSC personnel are also resident at
key launch sites, launch facilities and customer facilities. NASA personnel are resident at Vandenberg AFB in California where all
launches into a polar orbit, such as those required by the Mission to Planet Earth Enterprise, are conducted. Resident office
personnel are located in launch service contractor plants, specifically The Lockheed Martin Corporation Atlas Centaur plant in
Denver and the Boeing Corporation Delta plant in Huntington Beach, California. KSC customer offices are being established at
GSFC and JPL as the centers assigned program management responsibility for the majority of Space Science and Earth Science
missions requiring access to space via NASA-provided launch services.

Advanced mission design/analysis and leading edge integration services are provided for the full range of NASA missions under
consideration for launch on ELVs. Technical launch vehicle support is provided in the development and evaluation of spacecraft
Announcement of Opportunities, to enable cost effective consideration of launch service options and technical compatibility. Early
definition of vehicle requirements enables smooth transition to launch service and an excellent cost containment strategy.
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Launch site operations and countdown management is being improved through the use of a consolidated launch team, efficient
telemetry systems, and close partnership with Boeing and USAF to assure lowest cost west coast Delta launch complex operations.

NASA’s ELV secondary payload program enables efficient use of excess vehicle performance on selected NASA, USAF and commercial
missions through funding integration of small secondary payloads. The secondary payloads come from university research
institutions and often international cooperatives which can afford the constraints of this unique option, which is to take advantage
of available limited excess space and performance from a primary payload and accept it’s launch schedule and orbit. NASA has
developed a standard Delta secondary launch vehicle capability and has similar discussions under way with other US ELV
providers.

MEASURES OF PERFORMANCE

FY 1997 FY 1998 FY 1999
Metric Plan Actual plan Revised plan
Number of ELV Mission Supported 10 5 8 8 11

ACCOMPLISHMENTS AND PLANS

During FY 1997 five NASA-managed ELV launches were conducted, four were successful. These included the three successful Delta
launches of the Mars Global Surveyor, the Mars Pathfinder and the Advanced Composition Explorer and the Atlas-Centaur launch
of the NOAA GOES spacecraft. The Orbital Sciences Corporation (OSC)Pegasus launch vehicle failed to successfully separate the
SAC-B and HETE payloads into a useful orbit. Three Pegasus missions were deferred from FY 97 to FY 98 launch due to OSC
Pegasus manifest delays following the SAC-B/HETE failure in late 1996: SNOE, TERRIERS and SWAS. The NOAA POES K mission
was deferred to launch in FY 98 by NOAA , it is a call-up mission and the health of the constellation allowed NOAA to defer launch
until FY 98. The last mission is the piggyback launch of two NASA-sponsored international cooperatives Danish Orsted and South
African SUNSAT missions flying on USAF Argos mission aboard a Delta launch vehicle. The USAF primary payload continues to
have spacecraft readiness problems resulting in continued delay to these payloads, which were originally planned and ready for
launch in the sumnier of 1995.

During FY 1998, eight ELV launches and one secondary ELV mission are planned. The Cassini mission was successfully launched
on October 15, 1997 using a USAF-provided Titan IV Centaur launch vehicle. Three Pegasus launches are planned along with two
Delta, one Titan II provided by the USAF; and the first launch of an Atlas-Centaur from a new launch site at Vandenberg. NASA has
worked closely with the USAF and Lockheed Martin Corporation, provider of the Atlas I1AS launch service, to conduct pathfinder
operations at the newly constructed west coast Atlas launch pad. KSC also plans to award multiple Small ELV launch services
(SELV 1) contracts during FY 1998to assure access to space for NASA small explorer (SMEX)and earth system science probes
(ESSP) class of payloads.
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Eleven NASA-managed ELV launches are planned in FY 1999. These include three Pegasus launches, five Delta launches, one
USAF-provided Titan II launch and two Atlas-Centaur launches. Two secondary payloads are also planned for launch. KSC plans
to award a launch services contract for medium-class ELV (MELV 11} services to meet payload requirements for Discovery and
MIDEX type missions in FY 1999.
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BASIS OF FY 1999 FUNDING REQUIREMENT

ADVANCED PROJECTS

FY 1997 FY 1998 FY 1999
(Thousands of Dollars)

Y ANo AVZ: T [ol=To o] o] =10 - J PPN 34,700 46,700 10,000

PROGRAM GOALS

The primary goals of the program are to mature technologies to enhance crew safety for the Space Shuttle and Space Station, to
implement flight and ground systems improvements to substantially reduce cost of Space Flight operations, and to pursue advanced
technology developments to meet future Human Space Flight requirements. Secondary goals of the program are to promote transfer
of advanced technologies and to develop a fully capable, diverse and motivated workforce. The Advanced Projects activity includes
six program elements: Systems Analysis, Advanced Technology Development, Advanced Space Systems, X-38 demonstration
program, Telerobotics Research and Technology, and the Advanced Extravehicular Activity (EVA)Systems.

In order to apply its resources to only the agency's highest priorities, NASA is terminating or completing most of the ongoing
Advanced Projects, with the exception of the X-38 Project. Termination/orderly completion of Advanced Projects should be
completed by the end of FY 1998. Advanced project activities related to the Mars Surveyor mission will be provided for within the
Office of Space Science's Mars Surveyor Program (MSP).This collaborative effort between the Office of Space Flight, the Office of Life
and Microgravity Sciences and Applications, and the Office of Space Science will be initiated in FY 1998 and will include radiation
and soil/dust measuring devices and an in-situ propellant production experiment on the robotic missions to Mars. The scientific
data gathered from these missions will be critical for achieving the goals of the Human Exploration and Development of Space
Enterprise.

STRATEGY FOR ACHIEVING GOALS

The Advanced Development and Operations program supports projects which improve ground and flight operations of current and
future Human Space Flight vehicles by identifying, advocating and demonstrating available technologies and processes which are
more efficient, cost-effective, reliable, have dual use potential, and meet safety and performance requirements. The projects are
developed to a prototype level to validate their objectives within three years. Successfully demonstrated projects are transitioned to
an operational program for implementation and to private enterprise for commercial development.

The Advanced Space Systems program includes the Orbital Debris program and a series of flight demonstration experiments to

validate critical advanced technologies in a relevant environment. The Orbital Debris effort supports projects which improve the
safety of the Space Shuttle and the Space Station by measuring, modeling, and mitigating the orbital debris environment. In
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addition, the Orbital Debris activity includes an international cooperative program, jointly funded by the space agencies of Russia,
Japan, China and the European Space Agency, which seeks to develop a common understanding of the debris environment. This
program also develops common practices for protecting spacecraft and mitigating the orbital debris environment. The Flight
Demonstration program identifies and demonstrates available technologies and processes which are efficient, cost-effective, reliable,
and meet safety and performance requirements. Projects are matured to a protoflight level, utilizing existing carriers as test beds for
developing space flight hardware and operational processes to ensure their readiness to meet operational requirements. Flight
demonstrations also include training for young NASA engineers and managers with early “hands-on”flight hardware experience.

For safety reasons, a Crew Return Vehicle (CRV)is necessary for permanent human habitation of the International Space Station.
The Russian Soyuz spacecraft will provide an interim crew return vehicle capability during the 3-crew member stage. The X-38
experimental vehicle is specifically designed to demonstrate the technologies and processes required to produce a CRV in a “better,
faster, cheaper” mode. Evaluations of the performance of the technologies of the X-38 systems are conducted through a series of
ground, air, and space tests. The X-38 is based on the U.S. Air Force/Martin-Marietta X-24A lifting body research vehicle.
Successful demonstration of the X-38 technologies is a precursor to the decision process to select a long-term CRV configuration for
the International Space Station. Through cooperative arrangements which are under discussion with the European Space Agency,
the DOD, and the Japanese Space Agency, NASA also seeks to find and develop commonality among space vehicles being developed
for CRV and other requirements. An independent study will be initiated in FY 1998 to assess the applicability of the X-38 design for
the Space Station CRV, as well as a Crew Transfer Vehicle (CTV) and other options which meet the Space Station’screw rescue
requirements. This study will inform the industry-led Future Space Launch trade studies described in the Aeronautics and Space
Transportation Technology section.

The primary goals of the Advanced EVA program are to perform the scientific research and engineering development needed to
mature technologies that enhance EVA crew safety, reduce EVA operational cost and enhance capabilities to meet future space
flight requirements. The Advanced EVA research and development program includes research and development to reduce the
operational impact of decompression sickness, while increasing safety via better understanding of the science involved. The
research and development roadmap includes tasks to address environmental protection, EVA mobility, electronics integration, and
EVA system integration with other space systems. The Advanced EVA program is conducted using a mix of ground based
simulation and flight testing to prove the developnient approach. After fouryears of ground-based research and development, the
program concludes with a three-year task to demonstrate on-orbit the new EVA technologies from a systems point of view. The
program actively seeks partnering with industry and other government agencies as well as transfer of technology into the prograni
from outside sources to accomplish the needed technology development.

The Telerobotics Research and Technology program includes research and development of telerobotics technologies to improve crew
efficiencies and capabilities for the Human Exploration and Development of Space, including the International Space Station and
Space Shuttle. Telerobotics research includes areas such as EVA assistant, dexterous manipulators, sensing and processing,
mobility systems, human interfaces, and other related telerobotics technologies. The telerobotics program is conducted through
ground and flight research and demonstrations to prove the viability of each technology approach. The Telerobotics Research and
Technology program was transferred to the Advanced Projects Office during FY 1997, from the former Office of Space Access and
Technology.
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MEASURES OF PERFORMANCE

The success of the Advanced Projects activities has been measured by the success of its projects. Over 100 projects have been
supported in the past six years, most of which have been successful in delivering products that enhance the efficiency and reduce
the cost of ground and flight operations. Many of the advanced technologies incorporated in the new integrated Shuttle/Station
Mission Control Center were developed in this program. These technologies are contributing to a significant reduction of Office of
Space Flight mission operations costs.

In the Orbital Debris activity, accurate measurements have been made of the orbital debris environment. Models have been
developed to predict the changes in the environment as a function of time. Utilizing these measurements, flight rules, operational
procedures, and new orbital debris protection systems have been developed and/or modified to improve/enhance safety during
Shuttle and Space Station operations. The following events represent significant milestones in the successful completion of this
program:

Advanced Space Systems

International Space Welding The ISWE will demonstrate the ability to perform contingency repairs to the International Space
Experiment (ISWE)Cargo Station using an electron beam welding device developed by the Paton Institute in the Ukraine.
Integration Review

Plan: 1st Qtr FY 1997

Revised: Under review

Orbital Debris Collector (ODC) The ODC is an experiment to collect in-situ samples of the micro debris environment from the
Returned from Mir orbit of the International Space Station to understand the sources of this debris and thus
Plan: 4™ Qtr Fy 1997 enabling effective steps to mitigate it.

Actual: 1st Qtr FY 1998

Students for the Exploration and Delivery of SEDSAT satellite for testing and integration
Development of Space Satellite
(SEDSAT) Delivery to KSC

Plan: 4th Qtr FY 1997

Actual: 4th QtrFY 1997

Students for the Exploration and Deployment of SEDSAT as a DELTA 1l secondary payload. SEDSAT will serve as an amateur
Development of Space Satellite radio relay system and will collect multi-spectral remote sensing data. This deployment has been
(SEDSAT) Launch delayed because the payload has been re-manifested from the Shuttle to a Delta expendable
Plan: 41h Qtr FY 1997 launch vehicle.
Actual: 3rd Qtr FY 1998
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Static Feed Electrolyzer (SFE)
Flight Demonstration
Plan: 1st Qtr FY 1998
Revised: Under Review

International Space Welding
Experiment (ISWE)Flight
Demonstration
Plan: 1st Qtr FY 1998
Revised: Under Development

X-38

Atmospheric Test Program
Plan: 4" Qtr FY 1997
Revised: 4th Qtr FY 1998

Begin initial Space Vehicle (201)
Construction
Plan: 4" Qtr FY 1997
Actual: 4" Qtr FY 1997

Award contract for de-orbit
module
Plan: 2™ Qtr FY 1998

CRV Formulation Study
Plan: 3" Qtr FY 1998

Flight test for the third
atmospheric vehicle
Plan: 4" Qtr FY 1999

This flight demonstration was to verify the performance capability of the SFE subsystem in
microgravity during the STS-87 mission. This flight demonstration was redirected at the request
of Space Station. A new oxygen generation experiment is planned.

The capability of the Ukrainian Universal Hardware to perform contingency repairs on the
International Space Station will be demonstrated during the STS-87 Mission. The ISWE project
has been recently de-manifested to accommodate the reflight of the EVA Development Flight Test
(EDFT) program on STS-87. An alternative flight manifest opportunity for ISWE is under review.

Five atmospheric test flights of Vehicles 131 and 132 conducted to demonstrate full lifting body
control and parafoil control systems. This milestone has been delayed due to difficulties in
parafoil testing.

Construction of the first (201)space vehicle will be initiated. Primary structure (cabin and aft

fuselage) will be fabricated, most subsystems installed and ready for integrated lest, and some
aeroshell panels with thermal protection system will be completed.

Purchase of de-orbit module for X-38 orbital flight test

Initiate independent assessment regarding the applicability of the X-38 design for the CRV

Additional testing will be conducted to demonstrate full lifting body control, using the sub-scale
vehicle with final shape.
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Advanced EVA Research and Development

Gloves ready for flight tests Demonstrates on-orbit perfomiance of gloves which incorporate increased mobility featuresand
Plan: 27“Qtr FY 1997, better thermal protection.
3rd Qtr FY 1998 &
3rd Qtr FY 1999
Actual: 2™ Qtr Fy 1997

Soft space suit configuration Delivery of new softspace suit for testing. Soft suits hold potential of being lighter weight and
hardware delivery easier to stow.
Plan: 2nd Qtr FY 1998

Soft space suit configuration Demonstrates the amount of mobility that can be incorporated into a soft suit configuration.
comparison test delivery
Plan:  3rd Qtr FY 1998

Radiator ready for test Demonstrates on-orbit cooling using a radiator instead of water sublimation in the real thermal
Plan: 3rd Qtr FY 1998 environment,

Telerobotics Research and Technology

Free-Flying Camera Robots for Implement upgrades to the existing Supplemental Camera and Maneuvering Platforni (SCAMP)
EVA system.

Plan: 4th QtrFY 1997

Actual: 1stQtr FY 1998

Robotics Technologies for 1SS
Maintenance

Plan: 2”"Qtr FY 1997 Testing of remote surface inspection systems.
Plan:  4th Qtr FY 1997 Evaluation of calibrated synthetic viewing.
Plan: 4th Qtr FY 1997 Performance of robotic control technologies.

Actual: 4th Qtr FY 1997

ACCOMPLISHMENTS AND PL ANS

The X-38 program continued to measure subsystem and system performance throughout FY 1997. A key element of the plans
included completion of the Atmospheric Test program in which two vehicles (131, 132)were drop-tested from a B-52 to prove a mix
of lifting body and parafoil systems and flight modes. Athird sub-scale atmospheric test vehicle with the identical shape of the
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operational vehicle will be added the X-38 program in FY 1998. Flight tests for the third atmospheric vehicle are scheduled for FY
1999. The second space test vehicle will be started in FY 1999 with a completion date of FY 2000. The Aft Fuselage, Outer Skin
and Thermal Protection Systems (TPS) were completed and the first de-orbit module was delivered. Integrated testing of vehicle 201
will also begin in FY 1998. In FY 1998, an independent study will be initiated to determine the applicability of the X-38 design for
the Space Station Crew Return Vehicle and other options.

The second phase (hardware development phase) of the International Space Welding Experiment (ISWE) with the Paton welding
Institute (PWI) in Ukraine was successfully initiated. A phase 2 (hardware development) contract with PWI was negotiated for the
delivery of two sets of universal hardware as well as a work station. Design and fabrication of the flight universal hardware and the
work station were completed early in FY 1997. Delivery of the flight universal hardware occurred in FY 1996 and the flight
workstation was completed in early FY 1997.

The Orbital Debris program is directed at measuring the orbital debris environment, developing debris growth mitigation measures,
and enhancing spacecraft protection and survivability techniques. In FY 1998-99, additional measurements of the environment
were obtained from numerous Shuttle missions providing invaluable data on the nature of the micro-debris environment and its
damage potential to manned spacecraft. The liquid metal mirror telescope was moved to Cloudcroft, New Mexico. Visual
observations of debris particles as small as 10 centimeters in geostationary orbit are possible using this telescope. The Orbital
Debris Radar Calibration Spheres (ODERACS-2) flight demonstration was flown on the Space Shuttle. ODERACS-2 successfully
deployed three spheres and three dipoles which were used to calibrate the Haystack Orbital Debris Radar, optical telescopes and
other radar used to characterized the orbital debris environment.

In FY 1997 and FY 1998, the Haystack Auxiliary Radar and the Haystack Radar will continue to monitor the orbital debris
environment for the Space Station. Orbital debris will continue to focus on characterizing changes in the orbital debris environment
as a function of time and on establishing measures for mitigation of debris growth trends. An international geostationary debris
observing program will be initiated with participation from NASA, ESA, Russia, Japan, Australia, and other spacefaring nations.
Work will begin on the design of an Extra Vehicular Activity (EVA)debris shield for protecting the Space Station crews when they are
exposed to the debris environment during an EVA.

In FY 1997, Advanced Projects supported the AERcam/Sprint flight experiment, a robotic “flying eye” for visualization and
inspection of science and Space Station payloads. The Debris Capture experiment was returned from the Mir station after
approximately one year in orbit. Analysis will begin of the debris samples captured by the aero gel. The ISWE flight demonstration
will acheive launch readiness early in FY 1998, but a flight date aboard the Space Shuttle remains to be determined.

In FY 1997 and FY 1998, the Advanced EVA Research and Development program will start research to address the mechanisms
which control decompression sickness in a zero gravity environment. Research into better protection for EVA operations in the
space environment will also be initiated. The design efforts for space suits which are predominantly built with soft elements and a
portable life support system which uses cryogenic oxygen will be initiated.
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As previously noted, by the end of FY 1998, ongoing Advanced Projects, other than the X-38 program, will be terminated or
completed.
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BASIS OF FY 1999 FUNDING REQUIREMENT

ENGINEERING AND TECHNICAL BASE

FY 1997 FY 1998 FY 1999
(Thousands of Dollars)

Engineering and technical base .........c.ccooviii i, 144,600 102,900 101,300

PROGRAM GOALS

The focus of the Engineering and Technical Base (ETB) is to support the institutional capability in the operation of space flight
laboratories, technical facilities, and testbeds; to conduct independent safety, and reliability assessments; and to stimulate science
and technical competence in the United States. ETB activities are carried out at the Johnson Space Center (JSC) including White
Sands Test Facility (WSTF), Kennedy Space Center (KSC),Marshall Space Flight Center (MSFC),and Stennis Space Center (SSC).
ETB provides the underpinning of the Centers' performance of research and analysis and testing tasks, to solve present problems,
and to reduce costs in developing programs, technologies, and materials.

STRATEGY FOR ACHIEVING GOALS

The complex and technically challenging programs managed by the Office of Space Flight (OSF),now and in the future, are most
effectively carried out by sustaining a NASA "core" institutional technical base. It is vital to preserve essential competency and
excellence. Since FY 1994,the OSF centers have consolidated activities and have identified ways to economize the resources
comniitted to ETB while maintaining ETB’s benefits to the nation's human space flight program. Over the next few years, this
consolidation will continue to generate savings in information resources management and contract streamlining. A prioritized core
environment will be dedicated to multi-program labs and test facilities, associated systems, equipment, and a full range of skills
capable of response to research, testing and simulation demands.

As the ETB budget is reduced, several activities will be continued to refine current business practices. Mandatory equipment repair
and replacement will be reassessed. Software applications for multi-program analytical tools will be implemented. The strategy to
better manage the NASA investment in information processing resources includes aggressive actions to integrate and consolidate
more ADP operations. ETB will ensure synergism among major NASA engineering programs. Awards for education and research
tasks will be granted to support educational excellence and research learning opportunities in colleges and universities. A key
challenge of the ETB strategy will be to provide a core capability for future human space flight endeavors with fewer resources.
Future budget constraints dictate that new innovative processes be adopted to meet critical ETB core requirements, and that non-
critical capabilities be streamlined or eliminated.
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MEASURES OF PERFORMANCE

Laboratories & facilities supported Maintains 7 science and engineering laboratories in support of 6 agency programs
(KSC)

Laboratories & facilities supported Maintains 156 science and engineering laboratories in support of 52 agency programs
(JSC)

Laboratories & facilities supported Maintains science and engineering laboratories (7)and facilities (1 16)in support of 42
(MSFC) agency programs

Laboratories & facilities supported Maintains 3 science and engineering laboratories in support of 2 agency programs
(SSC)

Inforniation resource management Consolidate Management and Operations of the other Field Centers to the supercomputer
(IRM) Five Year Investment Plan Arnes Research Center is in charge of the initiative. A draft schedule is currently being
(MSFC) reviewed, but this will be an on-going effort through FY 1998.

Plan: 4th Qtr FY 1996
Revised: 2nd Qtr FY 1998

NASA Minority University Research Award education and research grants
and Education Program at JSC, KSC,
MSFC & SSC

ACCOMPLISHMENTS AND PLANS

The institutional technical base accomplished numerous activities in FY 1997. At JSC, ETB funded the purchase of laboratory
equipment and technicians, engineering workstations, calibration equipment and services, component fabrication, and Class VI
computer maintenance and operations in support of the science and engineering laboratories and facilities at JSC. This ETB
support ensures that JSC retains the capability to perform real-time mission analysis of flight anomalies and real-time and post-
flight problem resolutions, as well as other science and engineering testing and analysis. In addition to laboratory support, ETB
supports safety, reliability, and quality assurance (SR&QA} activities for the Space Shuttle and Space Station programs.

In FY 1997,)JSC used the majority of its ETB funding to maintain the science and engineering laboratory capability to perform real-
time mission analysis of flight anomalies, real-time and post-flight problem resolutions, as well as other testing and analysis. For
example, ETB funding was used to complete the upgrade WSTF Test Stand 401 for non-toxic propellants to support Shuttle engine
development using fuels such as RP-1, ethanol, GOX, and LOX. ETB was also used for the long-lead procurement of a 5-axis milling
machine, enabling JSC to meet fabrication requirements for X-38 project aswell as support other in-house engineering projects.
JSC also continued to provide Shuttle and Station SRM&QA support and network server upgrades to provide adequate computing
capability to science and engineering laboratories and workstations.
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At WSTF, FY 1997 ETB funding supported the propulsion testing facility and other laboratory infrastructure. Maintaining this core
environment with ETB objectives enabled WSTF to support a customer base with testing and evaluations of spacecraft materials,
components, and propulsion systems for safe human exploration and utilization of space. It enabled WSTF to perform tasks for all
NASA programs, as well as other Government agencies and the aerospace and medical industry on a reimbursable basis.

At KSC, ETB funding supported the core operational and maintenance capabilities for key science and engineering laboratories;
technical operations laboratories including calibrations and standards, non-destructive evaluation and component sampling and
‘analysis; and CAD/CAE engineering services. The ETB budget enables KSC to eliminate potentially critical failures on the KSC fiber
optic circuits and assists the Shuttle Launch Processing System organization in understanding and properly using the fiber optics
for launch processing. ETB funds provided support to the radiological examination (computed topography) of NASA crystal growth
experiments, and supported upgrades to the LC-39 measurement system. Funding also supported participated in the development
of landing aids for a lightning warning and prediction system, as well as development of toxic vapor detectors and sensors to
measure vapors from the Space Shuttle tile waterproofing compound. Additionally, KSC continued to fund education activities
including grants to HBCU/OMU'’s and the Education Resource Laboratory.

The MSFC allocation of ETB funds supports approximately 50 core laboratory areas. ETB support enables the Center’stechnical
core capability to provide in-depth technical support for designs, developments, testing, mission operations and evaluation of
Launch Vehicles, Space Transportation Systems, Space Stations, and Payloads. ETB enables MSFC to conduct research and
development efforts related to advanced propulsion systems and spacecraft, as well as engineering design, systems engineering,
systems integration, material and process engineering, physical science research, test and evaluation, data analysis and system
simulations. As the NASA Center of Excellence in propulsion systems, in FY 1997, MSFC is continuing to support the Advanced
Space Transportation Technology Program, whose ultimate objective is to make dramatic reductions in the cost of boosting payloads
into low-Earth orbit. Funding in the amount of $12.0 million is identified to continue development of low-cost, small booster
technologies and demonstration of rocket-based combined cycle (RBCC) propulsion hardware. Effort on low-cost small booster
technologies will include avionics hardware, engine component hardware (injector,chamber, turbomachinery, valves, actuators,
ducts and lines), test support and propellants for component testing. RBCC activities include test hardware fabrication, test
support and propellants. Funding responsibility for these activities after FY 1997 has been transferred to the Aeronautics and
Space Transportation Technology program.

At SSC, ETB supports the SSC technical core laboratory operations. The SSC laboratories perform activities for the Space Shuttle
program, reimbursable resident governmental agencies and the CTF test operations. The SSC core laboratory environment provides
customers with gas and material analysis, non-destructive evaluations, standards and calibrations and environmental analysis.
ETB also enables SSC to complete advanced planning studies involving cost trade presentations for future facility utilization and
technology development tasks such as the seal configuration tester prototype. ETB also funds sensor development for engine health
management and for spectral analysis.

The ETB program includes the institutional Safety and Mission Assurance (SRM&QA) contractor workforce performs space flight
activities at JSC, WSTF, MSFC. This workforce includes highly skilled personnel who are charged with responsibility to conduct
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assessments of conformance to reliability and quality standards. Surveillance of design, manufacturing and testing of hardware and
software was conducted to ensure compliance with NASA safety and mission assurance requirements. The ETB resources will
support independent assessments of flight and test equipment and testing operations, including product assurance tasks for the
International Space Station program (ISS). However, product assurance tasks and funding for the ISS are being transferred to the
Office of Safety and Mission Assurance in FY 1998.

Information resource management (IRM} processing achieved efficiencies and improved economies of scale through the consolidation
of IBM-compatible mainframes supporting administrative and programmatic automated data processing (ADP)services at the NASA
ADP Consolidation Center located at MSFC. Consolidation of user requirements and information technology plans were
iniplemented at JSC, MSFC, SSC and Headquarters. The NASA Automated Data Processing (ADP) Consolidation Center (NACC)
provides supercomputing capability for its customers for engineering and scientific computer-intensive applications 7 days a week.
The NACC supercomputing facility was established in FY 1994 and is managed through the MSFC NACC Project Office. The NACC
supercomputing facility includes a mainframe located at MSFC and a snialler distributed system located at JSC.

The NACC supercomputing customers are from JSC and MSFC. The NACC supercomputer facilities include hardware and software
to conduct thermal radiation analyses, computational fluid dynamics, structural dynamics and stress analyses for NASA programs
such as the Space Shuttle, X-33, X-34, Space Station, and Reusable Launch Vehicle. The facilities also conduct certification arid
engineering performance evaluation of flight and test data.

In cooperation with the goals of the NASA Minority University Research and Education Program. ETB enables the space flight
Centers to participate in programs to stimulate science and technical competence in the Nation. The ETB program enabled the
Centers to award education and research grants to Historically Black Colleges and Universities (HBCU), Other Minority Universities
(OMU),Teacher/Faculty enhancement programs. MSFC awarded a total of 52 grants in FY 1996. Examples of awards granted
include solution crystal growth in low gravity; organic fiber optic sensors; hydrazine solution disposal; atmospheric corrosion
sensor: properties of ion beam deposits, and phytoalexins in plant disease.

During FY 1998, JSC’s Safety, Reliability, and Quality Assurance Directorate and the Shuttle Program will be examining the Shuttle
SRM&QA functions supported by ETB. This continues the reengineering of SR&QA as directed during the zero-base review. The
decreasing FY 1998 and FY 1999 ETB funding levels will require some Shuttle SRM&QA functions to be transitioned to the SFOC
contractor, while other functions will be reduced or eliminated. In addition, JSC is also reducing support of science and engineering
laboratories and workstations, resulting in deferment of equipment replacements and procurements and transfer of some testing
costs to programs and customers. Also, the Station Independent Assessment effort supported by ETB in FY 1997 and prior years
will be transferred with the funding to Code @ for management in FY 1998.

In FY 1998, the ETB budget will continue to implement reductions resulting from the Agency’s zero-base review. These reductions
will result in a reduced level of science and engineering lab supportto human space flight programs, streamlined technical
operations, additional ADP consolidation activities, and reduced education and research awards funding. These reductions will
require that all Centers continue to assess their range of workforce skills, analytical tools and facilities dedicated to ensure space
flight institutional engineering support for future human space flight programs and the existing custome